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of  Kittsburg,  Ark.,  Sta  7-0479.02  

bl  Dependable  Yield,  L'.Vnguille  River  at  Palestine,  Ark., 

Sta  7-0479.5  . . . ‘. 

b2  Dependable  Yield,  Cache  River  at  Patterson,  Ark., 

Sta  7-0775  

b5  Dependable  Yield,  Bayou  Del ieu  at  Iforton,  Ark., 

Sta  7-0777  

b4  Dependable  Yield,  Uliite  River  at  Clarendon,  Ark., 

Sta  7-0778 228 
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b5  De[iendable  Yield,  Arkansas  River  at  Little  Rock, 

Ark.,  Sta  7-2b55  

bb  Cliemical  .Analyses  of  Lou- Plow  Surface  Katers  in  UllRA  2 

in  tlie  l.ower  Mississippi  Region,  Mrllignuns  Per  Liter  . 

b7  Reservoir  Having  a Total  Capacity  of  5,000  .Acre-Peet 

or  I'bre,  KRl’A  5 

b8  Streiunflow  Summary  for  Selected  Sites,  KRl’A  5 

09  Oliscrved  Mean  Discliarge,  in  c.f.s.,  Mayfield  Creek  at 

Lovelacevi 1 le,  Ky. , Sta  7-0250  

70  Oiiscrved  Mean  Discharge,  in  c.f.s..  South  Pork  Obion 

River  near  Creenfield,  Tenn.,  Sta  7-0245  

71  Observed  Mean  Discharge,  in  c.f.s..  North  Pork  Obion 

River  near  Union  tiity,  lenn.,  Sta  7-0255  

72  Observed  Mean  Dischai'ge,  in  c.f.s.,  Obion  River  at 

Obion,  Tenn.,  Sta  7-02b0  

75  Observed  .'•lean  Discharge,  in  c.f.s..  South  Pork  of  forked 
Deer  River  at  .Jackson,  Penn.,  Sta  7-0275  

74  Observed  Mean  Discliarge,  in  c.f.s.,  .South  Pork  of  forked 
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7b  cXiserved  Mean  Discliarge,  in  c.f.s.,  ILitchic  River  at 

Bolivar,  Tenn.,  Sta  7-0295  252 

77  Observed  Mean  Discharge,  in  c.f.s.,  Ibtcliie  River  at 

lUalto  Sta  7-0300.5  253 

78  Otiserved  Me;m  Discharge,  in  c.f.s.,  Loosaliatchie  River  at 

Brunswick,  Teiui.,  Sta  7-0302.8  253 

79  Olnserved  Mean  Discharge,  in  c.f.s..  Wolf  River  at 

Rossville,  Tenn.,  Sta  7-0305  254 

80  Observed  Mean  Discliarge,  in  c.f.s..  Wolf  River  at 

Raleigh,  Tenn.,  Sta  7-0317  254 

81  Dependable  Yield,  Mivfield  Creek  at  Lovelacevi  1 le , k%'., 

Sta  7-0230  . . . '. '.  . . 204 

82  Dependable  Yield,  Soutli  Fork  Obion  River  ne  ir 

Greenfield,  Tenn.,  Sta  7-0245  2o4 

83  Dependable  Yield,  North  Fork  Obion  River  nvar  Union 

City,  Tenn.,  Sta  7-0255  2o5 

84  Dependable  Yield,  Obion  River  at  Obion,  Tein., 

Sta  7-0200  205 

85  Dependable  Yield,  Soutli  Fork  of  Forked  Deer  River  at 

•Jackson,  I'enn. , Sta  7-0275  200 

80  Dependable  Yield,  South  Fork  of  Forked  Deer  River  near 

Itills,  Tenn.,  Sta  7-0281  200 

87  Dependable  Yield,  North  Fork  of  Forked  Deei'  River  at 

IJyersburg,  Tenn.,  Sta  7-0291  207 

88  Dependable  Yield,  llatchie  River,  Bolivar,  Tenn., 

Sta  7-0295  207 

89  Dependable  Yield,  llatchie  River  at  Rialto,  Tenn., 

Sta  7-0300.5  208 
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90  Dependable  Yield,  1 oosaJiatchie  River  at  Brunswick, 

Tenn.,  Sta  7-0302.8  2b8 

91  Dependable  Yield,  Wolf  River  at  Rossville,  Tenn,, 

Sta  7-0305  2b9 

92  Dependable  Yield,  Uolf  River  at  l^ileigh,  Tenn., 

Sta  7-0317  269 

93  Cliemical  .\nalyscs  of  Low-Flow  Surface  Waters  in  WTIPA  3 ui 

the  Lower  Mississippi  Region,  Milligrams  Per  Liter  . . 271 

94  Reservoirs  Having  a Total  Capacity  of  5,000  Acre-Feet 

or  More,  Wld’A  4 ' 285 

95  Streajuflow  Summaiy  for  Selected  Sites,  WTll’A  4 287 

96  Observed  Me;m  Discharge  in  c.f.s.,  Sta  72660.00,  tiane 

Creek  near  New  Albany,  Miss,,  1950-1969  293 

97  Observed  Mean  Discharge  in  c.f.s.,  Sta  72680.00,  Talla- 

hatchie River  at  F.tta,  Miss.,  1939-1969  293 

98  Observed  Mean  Discliarge  in  c.f.s.,  Sta  72710.00,  Clear 

Creek  near  Oxford,  Miss.,  1951-1969  294 

99  Oliserx'ed  Me;m  Discliarge  in  c.f.s,,  Sta  72725.00,  Talla- 

hatchie River  at  Sardis  Dam  near  Sardis,  Miss., 

1941-1970  294 

100  Oliserved  Mean  Discliarge  in  c.f.s,,  Sta  72740.00,  Yocona 

River  near  Oxford,  Miss.,  1952-1969  295 

101  Observed  Mean  Discharge  in  c.f.s.,  Sta  72750.00,  Yocona 

River  at  Lnid  D;im,  near  Fnid,  Miss.,  1952-1970 295 

102  Observed  Mean  Discliarge  in  c.f.s.,  Sta  72785.00,  Cold- 

water  River  at  Arkabutla  Diuii,  near  Arkabutla,  Miss., 

1944-1970  296 

103  Observed  Me;in  Discharge  in  c.f.s.,  Sta  72800.00,  Talla- 

hatchie River  near  Lambert,  Miss.,  1943-1970  296 

104  Observed  Mean  Discharge  in  c.f.s.,  Sta  72810.00,  Talla- 

hatchie River  at  Sw;in  Lake,  Miss.,  1952-1970 297 
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105  Obsei-ved  MeaJi  Discharge  Di  c.l'.s.,  Sta  72820.00, 

Yalobusha  River  at  Calhoui  Citv,  Miss., 
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10b  Observ'ed  Mean  Discharge  Di  c.f.s.,  Sta  72850.00,  Skuna 

River  at  Bmce,  Miss.,  1948-19b9 298 

107  Observed  Mean  Discharge  in  c.t'.s.,  Sta  72850.00, 

Yalobusha  River  at  Grenada  Dam,  near  GrenaiBi,  Miss., 

1954-1970  298 

108  Observed  Mean  Discharge  in  c.f.s.,  Sta  72870.00, 

Yazoo  River  at  Greenwood,  Miss.,  1954-1970  299 

109  Observed  Mean  Discliarge  in  c.f.s.,  Sta  72885.00,  Sun- 

flower River  at  Sunflower,  Miss.,  195b- 19b7 299 

110  Dejiendable  Yield  at  Sta  72bb0.00,  Cajic  Creek  near 

Mew  Albany,  Miss 509 

111  Dependable  Yield  at  Sta  72b80.00,  Tallaliatchie  River 

at  Ltta,  Miss 509 

112  Dependable  Yield  at  Sta  72710.00,  Clear  Creek 

near  Oxford,  Miss 509 

115  Dependable  Yield  at  Sta  72725.00,  iallal^atchie  River 

at  Sardis  Dam  near  Sardis,  Miss 509 

114  Dependable  Yield  at  Sta  72740.00,  Yocona  River  near 

Oxford,  Miss 510 

115  Dependable  Yield  at  Sta  72750.00,  Yocona  River  at 

Lnid  Dam,  near  linid.  Miss 510 

lib  Dependable  Yield  at  Sta  72785.00,  Coldwater  River  at 

Arkabutla  Dam,  near  Arkabutla,  Miss 510 

117  Dependable  Yield  at  Sta  72800.00,  Tal laliatchie  River 

near  LaJiibert,  Miss 510 

118  Dependable  Yield  at  Sta  72810.00,  Tal l£iJiatcJue  River  at 

Swaji  Lake,  Miss 511 
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at  Sinif lower.  Miss 312 

124  Chemical  .\nalyses  of  Low-Mow  Surface  Waters  in  KRl’A  4 in 
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12b  Strecunflow  Summarv'  for  Selected  Sites,  WHI’A  5 354 

127  Observed  Mean  Discliarge  in  c.f.s.,  Sta  735b0.00,  (.Xiacliita 

River  near  Nfoimt  Ida,  Ark.,  1942-1970  340 

128  Observed  Mean  Discliarge  in  c.f.s.,  Sta  755b5.00,  South 

Pork  (Xiachita  River  at  Moiuit  Ida,  Ark.,  1949-1970  . . . 340 

129  Observ't'd  Mean  Discharge  in  c.f.s.,  Sta  75575.01,  tXiachita 

River  at  Blakelv  Ntoimtain  Dam  near  Hot  Springs,  Ark., 

1953-1970  . . .' 341 

130  Observed  Mean  Discharge  in  c.f.s.,  Sta  75595.00,  iXiachita 

River  near  Malveni,  Ark.,  1954-1909 541 

131  Observed  Me;ui  Discharge  in  c.f.s.,  Sta  75598.00,  Caddo 

River  near  Alpine,  Ark.,  1939-1970  542 

152  Oliserved  Mean  Discharge  in  c.f.s.,  Sta  73b00.00,  Ouacliita 
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157  Observed  Mean  Discharge  in  c.f.s.,  Sta  75010.00,  I.ittle 

Missouri  River  near  Houghton,  Ark.,  1952-1970  544 

158  Observed  Mean  Discharge  in  c.f.s.,  Sta  75020.00,  tXuchita 

River  at  Ciunden,  Ark.,  1955-1970  545 
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Creek  near  Smackover,  Ark.,  1902-1970  545 

140  Obsei"V'ed  Memi  Discharge  in  c.f.s.,  Sta  75050.00,  Saline 

River  at  Benton,  Ark.,  1951-1909  545 

141  Observed  Mc\m  Discliarge  in  c.f.s.,  Sta  75055.00,  llurri- 

Ciute  Creek  near  Sheridan,  .Ark.,  1902-1909  540 

142  Observed  Meim  Discliarge  in  c.f.s.,  Sta  75055.00,  Saline 

River  near  R>-e,  Ark.,  1958-1909  54o 

145  Obsein'ed  Mean  Discharge  in  c.f.s.,  Sta  75041.00,  tXi;ichita 
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Bartliolomew  near  McCehee,  Ark.,  1957-1909  54" 

145  Observed  Mean  Discharge  in  c.f.s,,  Sta  75042.00,  Bayou 

Bartholomew  near  Jones,  La.,  1958-1909  547 

140  Observed  Meiui  Discharge  in  c.f.s.,  Sta  75045.00, 

Chemin-A-llaut  Bayou  near  Beekjivin,  In.,  1950-1909  . . . 548 

147  Oliserved  Mean  Discharge  in  c.f.s.,  Sta  75047.00,  Bayou 

De  Loutre  near  Laran,  La.,  1950-1908  548 

148  Observed  Mean  Discharge  in  c.f.s.,  Sta  75050.00,  Bayou 

D'Arbonne  near  IXibach,  La.,  1941-1908  549 
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INTRODUCTION 


llIRl’OSIi  AND  SCOPK 

The  purpose  of  this  appendix  is  to  assemble  climatologic , hydro- 
logic,  and  geologic  infomation  in  a summarized  form  for  use  in  the 
[planning  and  develoiment  of  the  water  and  related  land  resources  of  the 
Lower  Mississippi  Region.  Detailed  infomation  on  the  present  quantity, 
quality,  availability,  and  use  of  surface  water  and  ground  water  in  each 
of  the  lU  hater  Resources  Planning  Areas  (hld’AJ  of  the  region  is  pre- 
sent etl  in  this  appendLx.  This  infonnation  was  obtained  primarily  from 
published  sources  or  frSm  computer  analysis  of  measured  parameters. 

■^Included  in  the  regional  summary  or  in  each  MIRA  section  are  a general 
hydrologic  and  geologic  description  of  the  area;  a detailed  description 
of  the  climate;  ;md  a discussion  of  water  use,  stre;im  management  prac- 
tices, water  rights,  and  streamflow  characteristics  in  the  area.  The 
total  quantity  of  water  generated  in  each  URRA  (e.xcept  MIRA  1,  the 
Mississippi  River,  and  IVRPA's  8,  9,  and  10,  which  are  influenced  by 
tidal  action)  was  computed  and  is  discussed  in  the  surface  water  sec- 
tions of  each  URRA  section.  ^>Streamflow  data  for  selected  streams  were 
analyzed  and  summarized  as  follows:  (1)  observ'cd  mean  discharge  for  the 

period  of  record  available  at  the  site;  (2)  annual  peak  discliarge  fre- 
quency cui-ves;  (3)  low  flow  frequency  curv'es;  (4)  duration  curv'es  of 
daily  flows;  (5)  lowest  mean  flows  for  from  1 to  10  consecutive  years 
during  the  period  of  record  of  streamflow  at  each  station;  and  (6)  sea- 
sonal and  annual  variations  in  discharge  iind  precipitation.  A general 
sumiitiry  of  ground  water  resources  of  the  region  is  presented  and  dis- 
cussed in  this  appendix.  Descriptions  of  the  geologic  units  that  form 
major  aquifers  and  the  hydrologic  characteristics  of  the  aquifers  are 
included.  Potential  yield  data  £ind  data  regarding  the  chemical  quality 
of  ground  water  in  the  region  are  presented  and  discussed  in  each  hRPA 
section  through  the  use  of  maps  and  tables. 


Dlil-INITION  OF  'TRIiSIiNT  CONDITIONS" 


The  discharge  values  presented  for  various  streamflow  gaging  sta- 
tions in  this  appendix  are  flows  which  are  representative  of  the  hydro- 
logic  conditions  in  the  Lower  Mississippi  Region  under  1973  levels  of 
development.  These  hydrologic  conditions  are  referred  to  throughout  the 
appendix  as  "present  conditions." 

Flows  representing  "present  conditions"  at  sites  where  streamflow 
has  not  been  regulated  are  given  for  the  entire  period  of  record  avail- 
able at  the  site.  At  sites  where  the  streamflow  patterns  have  been 
changed  due  to  channel  improvement,  reservoirs,  or  diversion  projects. 


only  the  flows  for  the  period  of  record  since  completion  of  the  projects 
are  presented.  At  sites  where  improvement  works  loave  been  recently  com- 
pleted, the  frequency  and  duration  curves  from  recorded  pre improvement 
data  were  modified  to  reflect  streamflow  patterns  which  are  expected 
with  the  projects  in  operation. 


RliLVriONSHlP  TO  OTlfliR  .AI’PIiNDIXliS 


One  of  the  major  goals  of  the  Lower  Mississippi  Region  Comprehen- 
sive Study  is  to  analyze  the  potential  resources  available  in  the  region 
in  tenns  of  surface  water,  ground  water,  and  land.  This  appendix  pro- 
vides basic  information  concerning  the  quantity  and  quality  of  both  sur- 
face water  and  ground  water  for  use  in  defining  present  conditions  with 
respect  to  the  availability  of  water  in  other  supporting  appendixes. 

This  water  resources  information  will  be  used  in  conjunction  with  data 
on  future  vvater  use  presented  in  other  supporting  appendixes  to  deter- 
mine deficiencies  and  excesses  of  water  for  each  alternative  plan  of 
water  resources  development  in  the  plan  formulation  phase.  Data  from 
Appendix  C were  also  used  in  the  formulation  of  the  present  water  situa- 
tion in  the  Summary  Report  of  the  Lower  Mississippi  Region  Comprehensive 
Study.  Other  basic  data  documents  are  the  Land  Resources,  Mineral  Re- 
sources, and  liconomics  Appendixes. 
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Location  and  Drainage 

The  Lower  Mississippi  Region,  an  area  of  abundant  natural  re- 
sources, lies  chiefly  in  the  Gulf  Coastal  Plain  and  is  roughly  bisected 
by  the  Mississippi  River.  The  region  is  composed  of  about  102,400 
square  miles  of  land  and  water,  which  is  equivalent  to  about  4 percent 
of  the  conterminous  United  States.  It  extends  from  the  confluence  of 
the  Ohio  ^ind  Mississippi  Rivers  to  the  Gulf  of  Mexico.  About  4,800 
square  miles,  or  4.7  percent  of  the  region,  are  covered  with  water,  ;md 
the  remaining  97,900  square  miles  are  l;ind  areas. 

The  region  includes  all  of  the  drainage  area  of  the  Lower  Missis- 
sippi River  lx?low  Cairo,  111.,  e.xcept  for  that  portion  of  the  Ivbite, 
Arkansas,  and  Red  River  Basins  which  lie  above  the  effects  of  backwater 
from  the  Mississippi  River.  It  also  includes  the  Louisiana  Coastal  Area 
between  the  watershed  boundaries  of  the  Pearl  and  Sabine  Rivers,  and  the 
small  flood-protected  area  at  Cairo,  111.  The  region  encom]Xisscs  most 
of  Louisiana,  about  half  of  Arkansas  and  Mississippi,  parts  of  Missouri, 
iennessee,  and  Kentucky,  and  a snvill  area  in  Illinois.  Figure  1 is  a 
map  of  the  Lower  Mississippi  Region  showing  the  regional,  IvWA,  and 


State  hotuidar  ies ; the  ntijor  cities;  the  iiuijor  streams  iikI  lakes;  ;uid 
other  pertinent  data. 

l)rainaj;e  from  about  square  mile",  or  rouv;hly  lialf  of  the 

area  uitliin  the  hovver  Mississippi  Kej^ion,  flous  into  the  ^ii^•sissippi 
River  from  its  major  tributan  streams.  I'lie  reruiinder  of  the  region, 
whieli  lies  uitliin  tlie  coastal  area,  is  drained  by  southeastern  Louisiana 
streiuiis  tiuit  flou  tiirough  Lake  I’ontcliart  ra in  to  the  liul  f of  .Mexico  and 
bv  southwestern  Louisiana  streams  tiiat  dram  directly  into  t!ie  liulf. 

Ihe  Niiss iss ijipi  River  nas  made  major  cont  r ibut  ions  to  the  physical 
and  economic  growth  of  the  Lower  .''lississippi  Region.  It  has  given  tiie 
region  a tremendous  potential  for  meeting  water  sui'ply  and  water  trans- 
portation needs  for  industrial  and  agricultural  develojiment . It  is  of 

great  imixirtance  to  the  ever-growing  commerce  of  the  .Nation  as  tiie  main 
stem  of  a major  network  of  over  l-l,iU)l)  miles  of  navigable  inland  water- 

wa\'s.  It  IS  one  of  the  .Nation's  greatest  industrial  attractions  and  is 

the  chief  supplier  of  water  for  tiie  man\'  industries  wiiicii  iiave  located 
along  its  banks.  It  serves  as  the  major  drainage  outlet  for  runoff  from 
over  dl  percent  of  the  18  contiguous  states  of  the  Unitei.1  States.  Hie 
entire  Mississippi  drainage  basin  covers  more  than  l,dd.S,lHH'  square 
miles  and  includes  all  or  parts  of  31  States  and  two  Canadian  provinces. 
Water  from  as  far  east  as  .New  York  and  as  far  west  as  Montana  contri- 
butes to  flows  in  the  lower  river  IldJ).  \J 

Major  tributary  streams  to  tlie  Lower  Mississippi  River  are  the  St. 
Irancis  River  in  .Arkansas  and  .'‘hssouri,  the  Wliite  and  .\rkansas  Rivers 
in  .Arkansas,  and  the  Yacoo  River  in  .'di  ss  iss  iiqii . titiier  major  streams  m 
the  region  that  are  not  tributaries  to  the  Mississippi  River  are  the 
iHiacliita-Black  Ri\er  in  .Arkansas  and  Louisiana  and  the  Red  River  in 
Louisiana,  flow  from  the  Black  ;uul  Red  Rivers,  combined  with  flow  di- 
verted from  the  Mississipim  River  tlirougli  the  Old  River  control  Struc- 
ture, fonius  the  .Atchafalay.i  River  in  southern  Louisiana.  Tne  .\tchafa- 
laya,  Calcasieu,  and  Mermentau  Rivers  are  major  coast.il  area  streams 
which  flow  into  the  Cul  f of  Mexico.  Other  coastal  area  streaKt^  sucli  as 
the  .Amite  aiul  Tchefiuicta  Rivers  flow  to  the  Cul  f by  way  of  Lake  I’ont- 
cliartrain.  llie  .\rkansas,  Wliite,  and  Red  Rivers  contriinite  .1  consider- 
able aiixnuit  of  flow  into  tlie  Lower  ,^lississ  ippi  Region  from  otlier  re- 
gions, whereas  the  flows  from  all  the  otlier  tribut.ir\'  streams  mentioned 
above  are  generated  within  the  region. 

'Hie  i,ower  .tiiss  issippi  Region  incluiles  the  .'liss  iss  i pp  i .diluvial 
Plain,  uplands  in  the  Cul f Coastal  Plain,  and  areas  outside  the  coastal 
plain  in  the  (Xiachita  Mountains  in  Arkansas  and  the  Ocark  Plateaics  in 
Missouri.  /Vliout  one-tiiird  of  tiie  region  is  in  the  low,  relative])'  flat 


1/  Nuiibers  in  brackets  refer  to  reference  numbers  of  publications 
listed  in  References. 
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alluvial  valley  of  tlie  Mississippi  River,  llie  coastal  plain  u]ilands  are 
gently  rolling  to  liilly,  and  tlie  areas  outside  the  coastal  plain  exliibit 
considerable  variation  in  topography. 

A distinct  characteristic  of  the  Mississippi  Riwr  ;uui  other  allu- 
vial valley  stre;uius  is  the  foniuition  of  natural  levees  along  tiie  banks 
and  tlie  ]iattern  of  parallel  drainage  uhich  results  from  these  levees. 
Uhen  the  Mississi[ipi  River  overflows,  it  deposits  a part  of  the  sediment 
it  lias  been  transporting,  iliis  sedimc'iit,  most  of  which  is  deposited  ad- 
jacent to  the  river,  foniis  low  natural  levees  along  the  stream  with 
sntiller  deposits  of  sediment  away  from  the  streiun.  ;\s  a result,  the 
banks  of  tlie  river  are  usually  10  to  15  feet  above  the  adjacent  low- 
lands. ihe  fonnat ion  of  these  levees  occurred  for  the  most  part  before 
the  present  levee  system  was  built.  Recause  of  the  natural  levees, 
drainage  is  usual ly  away  from  and  parallel  to  the  Mississippi  River  ex- 
cept where  tributary  streiums  Join  the  river,  iliis  pattern  of  drainage 
has  been  a great  advantage  in  the  construction  of  flood-control  works, 
since  it  peniiits  the  building  of  long,  unbroken  levee  lines  without 
interfering  with  drainage. 


tleneral  lieologx’ 

Ihe  Lower  Mississippi  Region  has  been  characterised  by  subsidence 
accom|)anied  by  cyclic  transgress  ions  and  regressions  of  the  sea  since 
the  end  of  the  I’aleosoic  Ira  about  IIS  million  \'ears  ago.  ihe  subsi- 
dence resulted  in  the  fonnation  of  the  Mississijipi  emb;j>mK.ait  s>-ncline, 
a structural  trougli  now  filled  with  sediiiK'iitaiy  rocks  (figure  5b). 

Rocks  of  I’recambrian  age  are  exjxised  in  tlie  l,ower  Mississippi  Region 
only  in  areas  outside  the  emlxiyment  in  Missouri.  Rocks  of  I’aleozoic  age 
arc  exjutsed  in  Missouri  and  Arkansas. 

lAiring  the  sul'scxpient  cretaceous  I’eriod,  15('  million  to  05  million 
years  ago,  cyclic  nvirine  invasions  extended  farther  northward  tlian  pre- 
viously as  sulisidence  continued,  during  tlie  lertiary  I’eriod,  (i5  million 
to  2 or  3 million  years  ago,  each  marine  invasion  stO|iped  successively 
farther  to  the  south.  Ihe  oldest  luiits  in  the  liul  f lioastal  Plain  (of 
ch'etaceoiLs  age)  croji  out  roughly  parallel  to  the  ivriphery  of  the  Mis- 
sissippi embasmient . ihe  >-ounger  luiit--  exhibit  less  arcuate  outcrop 
belts  ;uid  the  exiKisures  of  the  Miocene  and  Pliocene  luiits  nearly  paral- 
lel the  axis  of  the  (iulf  least  lleosyncline  (figures  55  and  5b). 

Pleistocene  glaciation  caused  a lowering  of  sea  level  which  re- 
sulted in  changes  in  drainage  ;tnd  tlie  ent rencliment  of  the  Mississippi 
River  Valley  into  Tertiary  and  Cretaceous  rocks.  Ihe  enormous  volumes 
of  water  from  melting  glaciers  were  discharged  southward  to  the  Culf  of 
Mexico,  and  the  valley  was  cntrcn''hcd  more  tluui  100  feet  deeper  than  the 
present  surface  of  the  alluvial  piain.  .\s  sea  level  rose,  stream  gradi- 
ents decreased  and  the  entrenched  valley  was  filled  with  sediment. 
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Hrosion  of  the  Coastal  Plain  deposits,  the  partial  replacanent  of 
the  eroded  strata  by  the  deposits  now  underlying’  the  Mississippi  Allu- 
vial Plain,  and  the  continuing  differential  erosion  of  the  upland  strata 
have  resulted  in  the  diverse  topogi'aphy  of  the  region. 


Physiography 

Ihc  Mississippi  Alluvial  Plain  is  the  iixjst  e.Ktensivc  physiographic 
district  in  the  region  (figure  2).  Ihe  plain  is  a flat  to  slightly  im- 
dulating  surface  underlain  by  Pleistocene  and  Recent  alluvial  imd  ter- 
race deposits.  Included  is  the  present  flotxlplain  of  the  Mississijipi 
River,  underlain  by  Holocene  alluvium,  and  areas  west  of  tlie  river  and 
above  the  floodplain  that  are  underlain  by  Pleistocene  alluvial  de- 
posits. The  alluvial  plain  comprises  the  -St.  Irancis,  Tensas,  ;md 
Yazoo  Flood  Basins  [32]  and  the  Deltaic  Plain  [33].  Crowley's  Ridge,  a 
narrow  segmented  ridge  about  200  miles  long,  is  ;m  erosional  remnant  of 
the  Gulf  Coastal  Plain  uplands.  The  strata  fonnng  the  ridge  are  simi- 
lar to  strata  in  the  bluffs  forming  the  ecrsteni  boundary  of  the  alluvial 
plain.  Ilie  ridge  is  as  much  as  250  feet  higher  than  the  alluvial  plain. 
All  other  topographic  features  in  the  alluvial  \ lain  are  developed  on 
Quaterruiry  deposits. 

Physiographic  districts  in  the  Gulf  Coastal  Plain  uplands  are  de- 
veloped on  Cretaceous  and  younger  sediments.  Physiographic  districts 
in  the  uplands  Iiave  resulted  from  differential  erosion  of  unconsolidated 
sand,  clay,  and  chalk  strata  ;ind,  in  some  areas,  loess. 

rhe  Black  Belt  district  is  developed  on  the  easily  credible  tire- 
taceous  chalk  and  clay  in  the  northeastem  part  of  the  region.  The 
Black  Belt  is  a gently  rolling  terrain  characterized  by  dark  soil  and 
intermittent  streans.  fire  Pontotoc  Ridge,  which  borders  the  Black  Belt 
on  the  west,  owes  its  rough  topography  to  the  resistant  s;mdstonc  ;md 
limestone  of  the  Ripley  and  Clayton  Fonnat ions . In  the  western  part  of 
the  region,  resistant  Cretaceous  strata,  mostly  sand  and  gravel,  under- 
lie the  Saratoga  Wold.  The  wold  is  a discontint jus  ridge,  or  cuesta, 
that  trends  northeast -southwest  and  merges  into  the  (Xiaduta  Mountains 
at  the  Fall  Line. 

In  northern  Mississippi,  the  Flatwoods  District  is  a low,  moder- 
ately rolling  terrain  underlain  by  the  Porters  Creek  Clay.  Ihc  district 
narrows  northward  and  gradually  becomes  indistinguishable  from  the  North 
Central  Plateau  in  southern  I’ennessee. 

Ihe  North  Central  Plateau  is  the  domimint  upland  physiographic  dis- 
trict in  northern  Mississippi  and  western  Tennessee.  The  plateau  is  the 
result  of  erosion  of  an  area  where  blanket  deposits  of  Qvujtcmary  s;ind 
and  gravel  overlie  sand  and  clay  strata  of  the  Wilcox  ;ind  Clailxjme 
Groups.  Much  of  the  region  in  the  jjast  was  also  covered  by  Quatenvm’ 
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loess.  The  North  Central  Plateau,  underlain  by  several  belts  nf  n^r 
meable  strata  is  an  area  of  recharge  for  aquiforaMd  tte  sLrce' araa 
lor_^st  oi  the  eastern  trabutariesTf  the  sTssissip'r 

Jackson  PiSS  outcrop  of  the  Jackson  Croup  fonns  the 

^ aiiie,  a district  characterized  bv  uentlv  rollina  torr-iir, 

^?ictt  s?™  i-“i S?T 
hy  =rosio„".n:i';h:trriL“LlSe'?el“edt  sX^^E^el^"’' 

£SS;^|S«r 

grCdT.ater‘SLet';g:i 

beit  ILt“5“!lS1lic  todeJKg  Se“;iTof“MSico: 
Coastri^Plain^^'\l^^  He^ion  arc  outside  the  t;ulf 

cne  rocKs  are  of  1 recambriiin,  Cambrian,  and  Ordovician  ace  ' The  nl,V^t 
rocks  exposed  m the  region  are  the  l>recambrian  feh'uic^lcanlc  md 

taiLS  tauItodTfyy'fl-  ‘■f, “'■  Mountains.  T™  Sauk 

mnfpjjT  arr!:L°Atta'is'^;k|.‘'“ 

mont  Ilateau  and  the  Novaculite  Uplift.  ITie  entire  area  has  bc>en 


8 


considerably  disturbed  by  uplift,  folding,  and  faulting.  The  highest 
point  in  the  Lower  Mississippi  Region,  2,211  feet  above  sea  level,  is  in 
tlie  iXiachita  Mountaijis  in  western  Montgomery  County,  Ark.  The  .Ai'kansas 
Valley,  a s>Ticlinal  feature  lying  north  of  and  parallel  to  the  lluachita 
Mountains,  is  underlain  by  i'ennsylvani:m  sandstone  and  shale. 


Water  Resources 

fhe  region  is  "water  rich,"  but  the  water  I'esources  are  not  unlim- 
ited nor  is  the  d istrilrution  of  water  unifonii.  lire  lai'gest  and  nest 
pi'olific  aejuifer,  the  Mississippi  River  Valley  alluvial  aquifer,  is  per- 
liaps  the  largest  single  source  of  fresh  groimd  water  in  the  Nation. 

This  shallow  source  of  water  is  underlain  by  a comple.x  system  of  arte- 
sian a(.[uifers  in  Paleozoic,  Cretaceous,  fertiary,  ^d  Quaternary  rocks, 
some  of  which  contain  fresh  water  at  depths  of  more  than  3,000  feet.  A 
few  areas,  chiefly  lowkmds  bordering  the  C.ulf  of  Me.xico,  are  not  under- 
lain by  fre.sh-water  aquifers.  Surface-water  resources  include  the 
Nation's  largest  source  of  surface  water,  the  Mississippi  River,  several 
large  stretuns  tributary  to  the  ^lississippi  (St.  Francis  and  Yazoo  Riv- 
ers, for  excmiple)  , .'ind  several  streams  draining  directly  into  the  Gulf 
of  Mexico,  of  which  the  Atchafalaya  River  is  the  largest. 


l.and  Use 

file  present  utilization  of  land  reflects  the  agricultural  economy 
of  the  region.  About  8b  percent  of  the  land  is  used  for  crops  or  pas- 
ture or  is  forested.  Urban  and  built-up  areas  occupy  about  4 percent 
of  the  region  and  large  water  areas  (over  40  acres)  about  4 percent. 
Federal  land  and  small  water  areas  account  for  the  remainder  of  the 
region. 


REGIONAL 


SUMMARY 


CLIMATE 


General  Introduction 

Climate  is  a synthesis  of  the  weather.  Weather  is  the  total 
condition  of  the  atmosphere  at  any  instant  in  time;  climate  is  the 
collective  of  all  weather  conditions  for  a given  long  period  of  time. 

Weather  and  climate  form  a regional  matrix  within  which  other 
physical  processes  operate.  They  may  be  viewed  as  a natural  resource, 
and  are  of  consideixililc  consequence  to  cv'cryonc,  directly  affecting 
health,  living  liabits,  :md  prosperity  of  individuals,  communities,  and 
regions.  Usually  a valiuiblc  asset  luidcrlying  agricultural  productivity 
and  adaptation,  industrial  development  and  trarisportation  systems, 
indeed  all  economic  pursuits,  weather  in  its  extremes  can  produce 
seriously  detrimental  effects  as  well. 

The  broad  and  diverse  balance  of  natural  resources  found  in  the 
Lower  Mississippi  Region  includes  abundant  water  resources  provided  by 
weather  patterns  acting  both  within  the  region  and  beyond.  The  sub- 
stantial agricultural  and  forestry’  resources  of  the  region  have  been 
developed  in  response  to  man's  needs  and  the  general  regional  climatic 
controls.  Activities  in  the  unique  coastal  zone,  richly  diverse  in  its 
biota  and  with  signific;uit  extractive  industries,  conincrcial  fisheries 
and  extensive  primary  and  secondary’  processing  activities,  are  in- 
fluencetl  strongly  by  its  climate.  Ihc  region's  bounty  of  aesthetic, 
recreational,  and  wildlife  resources  is  also  closely  related  to  the 
climatic  pattern. 

Man's  primary  activities  during  the  m.'my  generations  of  occupancy 
of  the  region  liavc  adjusted  through  time  to  the  climatic  nonnals  and 
extremes.  Man  has  already  learned  to  temi)er  tliosc  imfavorablc  asjiccts 
of  the  natural  climate- -albeit  on  a restricted  scale- -through  efficient 
heating  and  cooling  devices  for  home,  office,  and  factory;  through 
irrigation  and  drainage  of  farmlands  and  developed  areas;  and  through 
other  amcliorativ’e  techniques. 

The  scientific  study  of  weather  and  climate  is  of  recent  origins. 
Tremendous  advances  have  been  made  during  the  past  half-century’  in 
observing,  describing,  and  understanding  the  extremely  comiilcx  inter- 
relations of  the  thermodynamic  and  hydrodynamic  systems  which  produce 
weather.  Although  ever- increasing  interest  in  these  important  fields 
has  developed,  significant  applied  problems  are  still  unresolved. 
Sophisticated  research  continues  as  it  must  in  the  face  of  increasing 
demands  for  agricultural  products,  industrial  dcvcloiimcnt , ;md 
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recreational  facilities.  Further  understanding  will  assist  in  future 
rational  coniprehensive  planning,  and  some  prospects  are  now  gradually 
emerging  that  may,  in  the  future,  make  possible  significant  beneficial 
weather  modification  programs  (69,  173), 

The  following  sections  are  designed  to  provide  some  limited  in- 
sights into  the  varied  aspects  of  tlie  climatic  patterns  in  tlie  Lower 
Mississippi  Region,  This  material  has  been  prepared  on  local  and 
regional  bases,  witliout  specific  regard  to  river  basin  or  bUTA  bound- 
aries. Previously  published  material  has  been  used  for  most  of  the 
information  base,  although  some  sections  are  based  on  previously  un- 
summarized material.  Numerous  routine  and  special  weather  data  publi- 
cations are  listed  and  format  e.xajiiples  shown  in  the  "Selective  Guide  to 
Climatic  Data  Sources"  (144). 


Climatic  Character  of  the  Region  I 

Climatic  Controls 

Tlie  climate  of  tlie  entire  Lower  Mississippi  Region  is  classified  I 

basically  as  humid  subtropical  witli  abundant  precipitation  (116),  Many  i 

interrelated  factors  in  the  general  circulation  of  the  atmosphere,  ^ 

acting  in  various  spatial  and  temporal  combinations,  are  of  significance  ' 

in  producing  the  observed  values  and  changes  in  the  climatic  elements 
found  at  specific  places.  Tliese  climatic  controls  include,  in  addition 
to  the  basic  geographic  and  topographic  setting,  the  locations  and  in- 
tensities of  semipennanent  features  of  circulation;  tlie  t\pes  and  fre- 
ciucncies  of  air  masses;  the  effects  of  linear  weather  systems  (fronts, 
squall  lines,  easterly  waves) ; and  the  locations,  paths,  cmd  intensities 
of  tropical  and  middle  latitude  cyclones.  Also,  the  several  climatic 
elements  themselves  can  function  as  controls.  Ihc  major  climatic  con- 
trols acting  in  the  Lower  Mississippi  Region  arc  discussed  below. 

Geography  :md  toixjgrapliy.  Ihe  Lower  Mississippi  Region  is  a south- 
central  sector  of  eastern  Nbrth  .Ancrica,  witli  latitudinal  extent  roughly 
29°N  to  37°N.  Boiuidcd  on  the  soutli  by  the  Gulf  of  Mexico,  tlie  region 
is  one  of  very  minor  elevational  relief  throughout  much  of  its  extent, 
lliis  location,  near  the  northern  limits  of  the  astronomical  tropics, 
controls  tlie  receipt  of  solar  radiation,  which  supplies  energy  for  both 
the  hydrologic  cycle  and  for  photosynthesis  in  plants. 

The  coastal  areas  of  Louisiana,  encompassing  the  delta  of  the 
Mississippi  River  and  extensive  zones  of  marshes  and  swamps,  grade 
northward  into  the  broad  nviin  alluvial  valley  bounded  by  upland  areas  of 
modest  relief.  The  highest  elevation  in  Louisiana  is  only  555  feet,  and 
elevations  near  the  Mississippi  in  tlie  easteni  portion  of  Arkansas  and 
western  Tennessee  are  in  tlie  200-  to  300-foot  range.  Although  tliis 
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relatively  minor  relief  is  negligible  in  its  direct  influence  on  the 
climate,  the  location  of  the  Lower  Mississippi  Region,  positioned 
between  major  air  mass  source  regions,  and  the  openness  of  the  country 
with  no  significant  barriers  to  air  mass  movements  combine  to  jiroduce 
botli  d>niamic  v'ariety  and  remarkable  uniformity  of  tlie  climate,  con- 
trasting features  found  in  combination  in  few,  if  any,  other  regions 
of  the  world. 

Semipeniument  antic\'clone.  The  climate  of  the  Lower  Mississippi 
Region  is  controlled  to  a large  degree  by  the  seasonal  changes  in  the 
location  and  strength  of  the  semipemanent  high-pressure  anticyclone 
of  the  southern  \orth  Atlantic  Oce;m  and  by  connected  variations  in  the 
patterns  of  development,  movement,  and  intensities  of  cyclonic  storms 
in  subtropical  and  middle  latitudes. 

In  winter,  when  the  anticyclone  i.s  located,  on  average,  in  tlie  far 
southern  and  eastem  sections  of  the  ocean,  polar  and  arctic  air  masses 
which  develop  over  northern  North  .America  periodically  penetrate  into 
the  Lower  Mississippi  Region  and  beyond.  Tlie  lack  of  terrain  barriers 
allows  surges  of  cold  air  behind  middle  latitude  cyclones  to  move 
rapidly  soutliward,  with  little  modification  of  their  bitter  properties. 
IXu'ing  tills  i^ortion  of  tiie  year,  the  region  e.xperiences  c.xtreme  miniimmi 
temperatures  lower  tluui  those  in  any  other  comparable  area  of  the 
world  I11.S1.  r.ven  in  winter,  liowever,  southerly  flows  of  wann,  moist 
air  are  present  a large  part  of  tlie  time. 

With  the  retreat  northward  in  spring  of  the  preferred  storm  track 
and  t)ie  e.xpansion  into  the  region  of  the  Atlantic  tmticyclone,  persis- 
tent southerly  winds  flowing  around  the  western  margin  of  the  high 
become  the  dominant  weather  pattern  by  May  of  most  years. 

Wann,  moist,  conditionally  unstable  maritime  tropical  air  moves  in 
a convergent  pattern  over  southeni  portions  of  the  region  tlirougliout 
the  summer  season. 

Tlie  air  is  made  increasingly  unstable  by  its  passage  over  tlie 
warmer  land  surface,  and  local  showers  and  tliunderstoms  are  a common 
afternoon  occurrence.  North  of  the  anticyclone  axis,  however,  tlie  basic 
wind  flow  pattern  is  slightly  divergent.  The  weak  axis,  oriented 
usually  almost  east  and  west,  fluctuates  in  location  from  day  to  day 
from  central  Louisiana  and  central  Mississippi  northward.  The  diver- 
gence tends  to  reduce  both  the  frequenc>'  and  intensity  of  the  thunder- 
showers since  it  must  be  overcome  before  convective  activity  proceeds. 

During  late  summer  and  autumn,  periods  of  transitory  higher 
pressure  over  the  continent  modify  the  wind  flow  patterns  over  the 
region  to  easterly  or  northeasterly,  and  break  the  constancy  of  the 
Atlantic  subtropical  anticyclone  control.  Precipitation  over  the  region 


bet\veen  late  September  and  early  November  reaches  the  aimual  minimum 
in  both  frequency  and  amount  as  the  air  flow  in  the  weak  but  extensive 
transitional  continental  hi;^h-pressurc  region  restricts  the  availability 
of  moisture. 

Middle  latitude  stomps  and  storm  tracks.  The  influences  of  extra- 
tropical  cyclones  on  the  region  are  manifold.  Sharp  short -tenn 
variations  in  temperature  during  winter;  the  location,  amoiuits,  imd 
intensity  of  cool  season  precipitation;  patterns  of  cloudiness;  the 
occurrence  of  thunderstonns  ;md  other  severe  weatlier;  occurrence  of 
extreme  temperatures- -both  hot  and  cold- -even  the  persistence  of  humid 
tropical  conditions  tiiroughout  much  of  tlie  warn  season  can  all  be 
related  to  the  presence  of  cyclonic  activity  and  its  location  ;md 
intensity,  or  to  the  absence  of  tins  factor. 

The  region  is  situated  near,  but  generally  southward  of,  the  most 
preferred  tracks  of  cool  season  middle  latitude  storms  which  develop 
over  the  Great  Plains  and  move  nortlieastward  across  tlie  Midwesteni 
States  into  the  Great  Lakes-St.  LawTence  River  regions. 

During  some  winter  and  spring  seasons,  cyclone  development  is 
active  in  Te.xas  and  the  northern  Gulf  of  Mexico.  In  these  periods, 
the  regional  weather  patterns  are  highly  variable  as  the  interplay  of 
cold  and  warm  air  associated  with  tliese  storms  occurs  over  the  region. 

At  other  seasons,  cyclonic  activity  is  infrequent  over  the  region  and 
high-pressure  anticyclones  are  the  dominant  surface  circulation  feature, 
they  in'ovidc  extended  periods  of  only  slowly  varying  weather  conditions. 
Klein  f55)  portrays  and  discusses  tiie  principal  tracks  ;uki  frequencies 
of  botli  cyclones  and  anticyclones  during  eacli  montli. 

Ajr  streaus  fair  masse^) . .An  air  mass  is  an  extensive  section  of 
tiK'  atJuospTiere  In  whicF  tlie  air  is  horizontally  liomogeneous , or 
possesses  basically  similar  physical  characteristics . In  order  for 
this  to  occur,  air  must  remain  for  some  time  in  a source  region, 
which  itself  must  hav'e  homogeneous  surface  conditions.  Large  l;md  and 
water  areas  with  evenly  distributed  insolation  arc  good  source  regions. 

A second  condition  is  necessary  for  tlie  development  of  distinctive  air 
masses:  large-scale  subsidence  and  divergence  (and  an  absence  of  con- 
vergence and  mixing).  These  conditions  are  best  developed  in  the  semi- 
permanent liigli-[n'essurc  areas  of  the  abnosphere.  Uhere  development  of 
high  pressure  is  seasonal  (continental  high  latitudes  in  winter),  tlie 
source  region  will  also  be  seasonal. 

The  primary  air  masses  affecting  the  Lower  Mississippi  Region  arc 
(figure  3)  maritime  tropical  (developed  in  the  Atlantic  high-iire.s.sure 
anticyclone);  continental  polar  (developed  in  winter  over  the  prairie 
provinces  of  Canada);  and  maritime  polar  (developed  over  the  eastern 
Pacific) . 
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Linear  systems.  iTie  Lower  Mississippi  Region  is  affected  by  tiiree 
types  of  linear  weather  systems:  fronts,  squall  lines,  ;uid  easterly 

waves,  llie  characteristics  of  tJiese  systems  are  described  below: 

Fronts  are  the  dynamic  boiuidaries  between  air  masses  of  con- 
trasting properties.  Cold  fronts  (cold  air  replacing  warn  air  at  the 
surface)  are  zones  of  ''weatlier.''  linlianced  convection  due  to  the 
physically  forced  ascent  of  warn  moist  air  produces  abundant  cimiulifonn 
clouds  and  in  iiumy  instances  siiort  I'eriods  of  heav\'  thunderstonii  rain- 
fall. Warm  fronts  (warmer  air  replacing  cold  air  at  the  surface),  in 
contrast,  are  more  extensive  but  usually  contain  stratofonn  chnid>  ;uid 
more  extendcxl  periods  of  stead)',  ligliter,  nonconvective,  rainfall. 

Squall  lines  (instability  lines)  often  develop  50  to  150  miles  in 
advance  of  surface  cold  fronts  moving  across  the  Lower  Mississippi 
Region.  Ihese  extensive  Init  narrow  belts  of  heav\  convection  jiroduce 
strong  surface  winds  :ind  heavy  but  usually  brief  rainfall.  Unlike  true 
fronts,  they  are  transitorv’,  ordinarily  developing  to  ma.ximuin  intensity 
in  a few  lioiirs  ;uid  then  dissipating. 

Lasterly  waves  are  perturbations  in  the  deep  summer  current  of 
tropical  air  flowing  around  the  subtropical  .'inticyclonc  (88).  Waves  of 
this  tv’pe,  moving  from  east  to  vs'est,  affect  tlie  southern  sections  of  the 
Lower  Mississippi  Region  once  or  twice  per  week  during  most  simimcrs . 

They  arc  not  present  between  late  autiumi  and  late  spring,  llie  easterly 
wave,  although  described  by  its  wind  field,  consists  of  a weak  trough 
of  low  pressure,  llirough  changes  in  the  direction  of  air  flow,  the 
easterly  wave  both  enlmnces  and  depresses  IcKal  convective  processes. 
Consequently,  during  their  passage,  exceptionally  clear,  fine  weather 
is  followed  by  cloudiness  iuid  heavy  precipitation,  accompajiied  by 
moderate  to  strong  winds  and  some  squalls.  Ihis  then  is  followed  again 
by  clearing  and  settled  weatlier.  The  easterly  wave  may  sci-ve  as  :m 
initial  mechanism  in  the  development  of  tropical  cyclones. 


Climatic  Llements 

Precipitation 

Introduction.  Several  physical  medianisins  combine  in  tlie  atmos- 
phere  to  produce  condensation  and  precipitation  of  moisture  (96).  All 
these  processes  serve  to  cause  tlie  vertical  lifting  of  moist  air.  .-Vs 
air  rises,  it  expands  in  response  to  reduced  atmospheric  pressure  and 
concurrently  cools.  The  moisture  capacity  of  air  is  a function  of 
temperature,  so  condensation  of  minute  water  droplets  or  sublimation  of 
ice  crystals  occurs  when  the  air  readies  saturation,  and  a cloud 
results.  Precipitation  does  not  necessarily  follow  immediately.  For 
moisture  to  fall  from  clouds,  the  water  forms  must  grow  to  sizes  which 
cannot  be  supported  by  the  buoy;mcy  of  the  air.  In  ways  not  yet  fully 
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understood,  coalescence  of  cloud  droplets  through  collision,  subli- 
mation, or  electrical  attraction  produces  droplets  which  are  too 
massive  to  remain  aloft.  Ihus,  precipitation  is  defincxl  (52)  as  any 
or  all  of  the  fonns  of  water  jiarticles,  whether  li(.|uid  or  solid,  that 
fall  from  the  atmosphere  and  reach  tlie  grotuid. 

Ihe  main  features  of  the  patterns  of  precipitation  in  the  Lower 
.'lississippi  Region  include  the  following; 

(1)  /Xnnual  nomal  precipitation  exceeds  surface  water  losses 
through  evaporation  and  evapotratrspi ration. 

(2)  Seasonal  variations  in  average  total  precipitation  display 
marked  contrasts  from  north  to  south  over  the  region. 

(.5)  Precipitation  is  highly  variable,  both  temporally  and 
spatially,  in  the  same  time  period. 

.■Ximual,  seasonal,  monthly.  Precipitation  is  usually  abundajit  and 
well  distributed  tliroughout  tne  Lower  Mississippi  Region.  Generalized 
patterns  of  normal  annual  precipitation  are  showii  in  figure  4,  ada]ited 
from  tdimatic  .Atlas  of  tjie  United  Sta_^es  (141).  Ihe  areas  of  liigliest 
precipitatTon  arc  along  the  southeastern  coastal  sections  of 
Louisiana  and  over  much  of  central  Louisiana  (botli  more  than  60  inches), 
;ind  in  the  higher  elevations  of  tlie  Ouachita  Mountains  in  west  central 
.Arkansas  (more  than  56  inches).  Minimum  annual  precipitation  (less 
thaii  50  inches)  is  found  in  the  extreme  northern  portions  of  the  region. 

On  a seasonal  basis,  northeni  sections  of  the  region  have  precipi- 
tation maxima  during  winter  (or  spring)  and  the  southern  portions 
during  summer.  Trewartha  (115)  considers  tlic  winter  maxiim.mi  out- 
standing iinomaly  in  tJie  climatic  pattern.  In  comparable  latitudinal 
imd  geographic  settings  on  the  other  continents,  no  cool  season  preci- 
pitation maximum  is  e.xperienced,  ;md  in  those  areas,  the  summer  maximum 
is  usually  quite  strong. 

IXiring  winter  and  spring,  intrusions  of  polar  air  into  the  region 
are  usually  acconpanied  by  widespread  and  persistent  cloudiness  and 
general  rainfall,  plus  some  tliunderstorm  activity  within  the  frontal 
zone.  On  the  other  hand,  the  l;md  surface  is  cooler  than  moist  tropical 
air  moving  into  the  region,  so  tliis  air  is  cooled  in  its  layers  near 
the  surface,  and  its  stability  is  increased.  Only  when  the  tropical 
air  becomes  involved  in  convergence  in  cyclonic  storms  or  is  forced 
aloft  along  frontal  systems  does  significant  precipitation  occur. 

These  storms  and  fronts  most  frequently  move  across  the  northern 
portions  of  tlie  region,  so  during  tlie  cooler  months  rainfall  is  more 
frequent  and  intense  tliere. 
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Autumn  brings  the  least  precipitation  to  the  entire  region  as  the 
atJiiospheric  flow  patterns  move  tlirough  a transitional  period  during 
which  the  availability  of  atmospheric  moisture  and  the  occurrence  of 
precipitation- inducing  mechimisms  are  both  at  annual  minima. 

Figures  5 through  8 (141)  show  the  average  patterns  of  normal 
(I93l-ld(i0)  montlily  precipitation  for  .January,  April,  .Ju]\',  and  CJctobcr, 
lespect  ively.  Ihese  iiiidseason  montlis  sliow  tlie  characteristics  of  tlic 
seasonal  vai'Lations  referred  to  above. 

Figure  9 (149)  sliows  monthly  hyetographs  for  selected  stations. 

Ihe  seasonal  variations  discussed  aiiove- -winter  rainfall  imrxima  in 
northern  portions,  simniier  iiuLxima  in  soutliern  areas,  dr>-  autimuis  througli- 
out  the  region- -are  further  delineated  here. 

Table  1 shows  the  monthly  and  aimual  noniial  precipitation  for 
selected  sites  in  each  Uld’A,  further  illustrating  the  variations  in 
seasonal  precipitation. 

ihe  data  used  in  figures  5 through  8 and  table  1 are  for  the 
50-year  climatological  standard  normal  period  1951  through  1960.  All 
areas  of  the  region  usually  receive  measurable  precipitation  :rmounts 
during  each  month.  Quite  rarely,  however,  during  tlic  standard  period 
covered,  no  rain  has  occurred  during  a few  siunmer  and  autumn  periods 
exceeding  one  month  in  duration  at  most  places  in  the  region.  Tlie  most 
recent  month  with  widespread  occurrence  of  no  measurable  precipitation 
was  October  1965  (146) . 

Davs  with  various  precipitation  thresholds.  Figure  10  (141) 
shows  the  average  number  of  days  per  year  witli  measurable  precipi tation 
in  the  Lower  Mississippi  Region.  Remarkable  uniformity  is  the  basic 
feature  of  tlie  ;mnual  pattern.  'Ihe  range  of  rainy  days  is  only  from 
nearly  100  along  the  westem  boundar>'  of  the  region  to  less  than  120  over 
southeastern  Louisiana  and  the  extreme  northern  portion  of  tlie  region. 

Figure  10  also  shows  the  average  number  of  "rainy  days"  for  each 
midseason  month  (.J;muaiy,  .April,  .July,  October  I.  Ihe  principal  features 
of  these  patterns  are;  (a)  unifoniiity  in  .Jiinuaiy;  (b)  maxiimmi  rainy 
days  in  the  nortlieni  sections  of  the  region  ;md  a mininann  nimiber  in 
southern  Louisi;uia  in  April;  (c)  a strong  maxiimmi  in  soutlieasteni  Loui- 
siana in  .July;  and  (d)  a minimimi  centered  over  the  central  jiortions  of 
the  region  in  iX;tobcr. 

I'igurcs  11  through  14,  from  Miller  and  I rederick  (65),  again  for 
the  midseason  months,  depict  tlie  average  nimilier  of  days  witli  precipi- 
tation equal  to  or  greater  than  0.50  inch.  For  January,  the  occurrences 
of  rains  of  this  intensity  are  a maximum  over  tlie  central  portions  of 
the  region.  In  April,  heavy  rains  are  less  frequent  but  maxima  are 
still  in  the  central  portions.  In  .July,  a strong  gradient  exists  in  tlie 
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number  of  occurrences  of  0.50- inch  rains  from  a jnaximum  in  the  coastal 
regions  of  southeastern  Louisiana  both  westward  along  tlie  coast  and 
inland  over  the  Lower  Mississippi  Region.  In  October,  the  occurrences 
of  heavy  rains  are  rare  throughout  the  region,  but  are  most  frequent 
along  the  northwestern  borders. 

llvunder storms . signific;mt  portion  of  tJie  precipitation  received 
over  dve  region  is  the  result  of  convective  tlvujidershower  or  thunder- 
storm activity.  Figure  15  fl45)  shows  tivat  tJiese  convective  storms  are 
observ'ed  ;md  thiuvder  heard  on  more  thajv  50  to  bO  days  per  year  at 
points  in  northern  sections  of  the  region  and  on  more  tlv;in  60  to  70 
days  from  soutlieastern  Arkansas  iiivd  the  lower  delta  area  of  Mississippi 
southward  to  the  Gulf  of  Mc.xico.  Tliunders forms  are  less  frequent  during 
the  winter  montlvs.  The  largest  average  numbers  occur  during  Jiaie, 

July,  and  .August. 

.Althougli  thundcrstoniis  are  common  throughout  tlic  region,  tlie 
occurrence  of  liail  of  sufficient  size  to  dtimage  propert}'  ;ind  crops 
over  large  areas  is  relatively  rare.  Hail  does  occur  in  all  sections 
of  the  region,  producing  considerable  cro])  dcuiiage,  as  well  as  roof, 
window,  and  automobile  daiuige.  Largo  hail  tends  to  lie  associated 
with  squall  line  activity.  Summer  air  mass  thunderstorms  only  rarely 
contain  hail  larger  than  "pea-size"  at  the  surface,  if  indeed  ;my  at 
all. 


Short  period  maximum  precipitation,  live  Lower  Mississippi  Region, 
because  of  the  convectiv'c,  frontal,  atid  tropical  cyclone  influences 
which  operate  from  time  to  time,  has  relatively  high  precipitation 
amounts  during  short  time  periods.  NLcximum  obsei'ved  5-minute  through 
24-hour  precipitation  totals  for  several  of  the  first-order  U'eather 
Service  stations  in  and  near  the  region  are  slioun  in  table  2 [53,  145, 
151).  Intense  rains,  2/3  inch  witliin  5 minutes,  2-1/2  to  more  tlrui 
4-1/2  inches  within  1 hour,  and  7-1/2  to  lu  inches  within  24  hours,  liave 
been  oliscrved  tlirougliout  the  region.  .Several  parts  of  IVetitlver  Bureau 
reclmical  Paper  \o.  15  [151)  give  similar  data  for  niunerous  points  in 
the  region. 

Diurital  y^ar  iat  ion  of  prec  ipit^t  iqii.  Hie  variability  of  precipi- 
tation occurrence  e.xtends  not  only  througli  seasonal  ;ind  monthly  pat- 
terns luit  to  d;iil\'  patterns  ;is  well:  certain  iiours  of  tlie  Ja\’  nonnallv' 

have  more  frequent  rainfall  than  otliers  at  tlie  s;une  place.  Regional 
vtiriations  also  exist.  These  [xitterns  result  I'rom  tlie  comluned  activ- 
ity of  tlie  various  precipitation  mechani.sms  discussed  earlier. 

Figure  16  illustrates,  for  New  Orleans  and  Memphis,  tlie  diurnal 
variations  in  the  occurrence  of  preciiiitat ion  during  each  month  of  the 
year.  .Abscissas  of  the  graphs  are  hours  of  the  day,  and  ordinates  are 
the  percentages  of  total  hours  with  measurable  ]uec ijiitat  ion  during  the 
years  1951  through  1960  (148) . (Xjtstanding  differences  between  these 
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Table  1 - Ohscned  5-Minute  Jl-llour  MiAimiun  I’recipitation 
in  Inches  (Period  of  Record  Throu^li  1P70) 

Minutes  Hours 


5 

10 

15 

30 

60 

1 

5 

6 

12 

24 

Little  Rock 

0.63 

1.01 

1.35 

2.07 

5.00 

4.60 

6.82 

7.68 

8.19 

9.58 

7/2 

5/10 

5/10 

6/25 

5/26 

5/26 

5/26 

5/26 

4/9 

4/8 

1939 

1930 

1930 

1946 

1955 

1955 

1955 

1955 

1913 

1915 

Cairo 

0.65 

1.13 

1.45 

2.08 

3.15 

4.65 

6.20 

7 ’9 

7.59 

7.56 

5/29 

6/12 

8/11 

8/11 

6/28 

8/11 

8/11 

S/ll 

8/11 

8/11 

1945 

1958 

1952 

1952 

1905 

1952 

1952 

1952 

1952 

1952 

Baton  Rouge 

0.67 

1.20 

1.57 

2.07 

2. "6 

3.80 

4.97 

8.28 

11.31 

12.08 

4/13 

V2 

8/1 

7/11 

.3/5 

4/27 

4/14 

4/14 

4/14 

4/14 

1966 

1966 

1959 

1967 

1970 

1962 

1967 

1967 

1967 

1967 

Lake  Charles 

O.'i’O 

1.34 

1.72 

2.40 

3.95 

6.52 

9.70 

15.38 

15,79 

16.01 

5/13 

4/29 

4/29 

7/2 

6/19 

6/19 

6/19 

6/19 

6/19 

6/18 

1966 

1960 

1960 

1968 

1947 

1947 

1947 

1947 

1947 

1947 

New  Orleans 

1.00 

1.48 

1.90 

5.18 

4.71 

5.87 

6.54 

8.62 

12.76 

14.01 

2/5 

4/25 

4/25 

4/25 

4/25 

4/25 

4/15 

9/6 

4/15 

4/15 

1955 

1953 

1953 

1953 

1953 

1953 

1927 

1929 

1927 

1927 

Shreveport 

0.76 

1.29 

1.74 

2.28 

3.15 

5.19 

6.49 

7 . 54 

8.52 

12.44 

6/25 

6/25 

6/25 

8/28 

5/15 

7/25 

7/23 

7/23 

7/24 

7/24 

1932 

1932 

1932 

1940 

1908 

1905 

1905 

1905 

1953 

1953 

Jackson 

0.77 

1.54 

2.00 

2.26 

2.56 

3 . 43 

4.15 

4.87 

5.60 

7.50 

3/3 

3/3 

.3/3 

8/10 

8/10 

5/1 

12/27 

12/27 

12/27 

12/26 

1964 

1964 

1964 

1966 

1966 

1954 

1942 

1942 

1942 

1942 

Vicksburg 

0.83 

1.20 

1.41 

2.44 

3.44 

4.17 

5.78 

7.10 

8.75 

9.97 

4/12 

5/12 

8/19 

8/22 

8/22 

2/17 

2/17 

7/13 

4/29 

3/27 

1909 

1923 

1918 

1960 

I960 

1927 

1927 

1907 

1955 

1951 

Memphis 

0.78 

1.27 

1.71 

2.80 

3.25 

4.70 

5.00 

7.05 

9.67 

10.48 

5/9 

7/16 

7/16 

7/16 

7/16 

7/16 

7/16 

11/21 

11/21 

11/20 

1901 

1929 

1929 

1929 

1929 

1929 

1929 

1934 

1934 

1954 

H.'ur 
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Figure  16. 


Diurnal  Distributions  of  Measurable  Precipitation,  by  Months, 
New  Orleans,  Louisiana,  and  Memphis,  Tennessee,  1951-1960 
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northern  and  southern  locations  in  the  Lower  Mississippi  Region  are 
(1)  tlie  strong  afternoon  maxiiiiiun  of  rainfall  during  the  wanner  months 
at  New  Orlecuis,  reflecting  the  occurrence  of  the  common  ainiiass  thiui- 
dcrshowcrs  there;  this  aspect  is  strongly  damped  at  Memphis;  (2)  the 
relative  diurnal  unifomuty  of  cool  season  preci{iitat ion  at  both  lo- 
cations, althougli  tlie  frequency  is  subst;int ially  higlier  at  Memphis, 
reflecting  more  frequent  frontal  iuid  cyclonic  rainfall;  ;md  (5)  the 
paucity  of  precipitation  occurrences  at  Mempliis  during  August,  Sep- 
tember, imd  tictober- -displaced  in  time  at  New  Orle;uis  to  October  and 
November,  reflecting  variations  in  the  duration  of  the  autuimi  tnmsi- 
tional  period. 

Riley  (89)  has  e.xamined  the  diurnal  precipitation  patterns  in  the 
delta  area  of  Mississippi. 

Rainfall  frequency-depth-duration  studies  and  atlases.  Statistical 
analyses  of  rainfall  data  for  the  primary  purpose  of  presenting  them 
in  a manner  convenient  for  hydrologic  analysis,  engineering  design  and 
economic  analysis  have  long  been  the  task  of  tlie  Office  of  H>’drolog>', 
National  Weather  Serv'ice.  Numerous  technical  papers  have  been  prepared 
to  disseminate  this  important  specialized  information  (44,  02,  68,  152, 
15.5,  154,  155,  15b,  157).  figures  17  ^md  18  (44)  are  scuiiiiles  of  these 
mialyscs.  Tlie  probability  (expressed  as  a return  period)  of  the  depth 
of  precipitation,  in  inches,  which  can  lie  exjiected  to  occur  within  a 
s]iecified  duration  in  hours  is  shown  in  these  figures.  These  charts 
ai'e  for  point  rainfalls,  luid  values  may  be  interpolated,  .\ccording  to 
these  analyses,  the  heaviest  rainfalls  on  all  time  scales  occur  in  the 
coastal  regions.  The  seasonal  variations  of  the  probable  iimimum  jirc- 
cipitation,  defined  as  the  depth-duration-area  rainfall  relationshiiis 
that  could  result  if  meteorological  condit iona  experienced  during  ;ui 
actual  stonn  in  a certain  area  were  maximized  to  the  fullest  extent 
probable,  are  shown  in  1).  .S.  Weather  Bureau  Hydrometeorological  Reiioi't 
■No.  35  (15'7). 

Precipitation  probabilities.  Probabilities  of  receiving  specific 
monthly  amounts  of  precipitation  in  standard  Weather  Service  climato- 
logical divisions  in  the  eastern  United  States,  using  the  gamma  proba- 
bility function  (112),  have  been  developed  (109).  The  entire  Lower 
Mississippi  Region  is  included.  Some  State  studies  (59,  83)  have  also 
been  completed. 

Snow,  sleet,  glaze.  Snow  and  sleet  are  minor  climtic  elements 
over  most  of  the  Lower  Mississippi  Region.  Figure  19,  adapted  from 
the  (Himatic  .Atlas  of  tlie  United  States  (141),  sliows  that  the  mean  ;m- 
nual  total  snowfall  ranges  from  b to  12  Indies  in  soutlicastern  Missouri 
to  nearly  2 inches  along  the  Louisiana-Arkansas  border,  to  less  tlian 
1 incli  from  central  Louis i;ma  .southward.  Snow  falls  in  measurable 
imioiuits  annually  in  nortliern  portions  of  tlie  region,  and  in  almost  80 
percent  of  all  record  years  in  I.ouisiana.  Snow  is  much  less  frequent 
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in  southeni  Louisiana,  but  tjie  largest  single-stonii  1-day  araoimts  for 
the  entire  Lower  Mississippi  Region  occurred  during  mid-Februar\’  1895 
in  southwest  Louisiana.  Snow  depths  reached  24  inches  at  Ra>7ie  and 
22  inches  at  Lake  Charles.  Snow  seldom  reinains  on  tlie  ground  for  more 
than  a week  in  northern  sections  or  for  more  than  a day  or  t;vo  in 
southern  areas . 

rreezLng  rain  (glaze),  which  foniis  a coating  of  clear  ice  on 
exposed  objects,  occurs  over  tlie  region  witli  about  the  s;uiie  frequenc\' 
as  snow,  lliesc  ice  storms  reach  datnaging  intensity  over  some  northcnt 
portions  of  the  region  once  in  3 to  6 years,  ajtd  have  e.xtended  south- 
ward to  Louisiana  coastal  sections  on  rare  occasions. 

Temperature 

Introduction.  Temperature  is  probably  the  most  discussed  climatic 
element.  It  is  also  the  most  popular  indicator  of  climate.  Differences 
in  temperature  are  also  the  ultimate  cause  for  the  air  motions  which 
bring  about  the  various  states  of  weather. 

Defined  in  general  ratlier  tlum  physical  tenns,  temiierature  is  the 
degree  of  hotness  or  cokhiess  as  measured  on  some  definite  temperature 
sc;ile  by  means  of  an>'  of  several  types  of  t heimiometers  (52). 

.\iimrij_,  j^e^j^jial , and  montlp  \-  temperatiii~es . I'lie  noniial  or  me;ui 
annual  temperature  pattern  over  the  Lowei-  Nlississippi  Region  is  shown  in 
figiu'e  20  (from  Ml).  Tliis  jvittern  is  basicallv  latitudinal,  witli  some 
modification  due  to  mici'ocl  imat  ic  effects  and  tlie  regional  d istribut  ions 
of  land  and  water,  fhe  annual  temiierature  realh'  tells  little  about  the 
actual  climate  of  a region,  since  measui'ement  of  the  seasonal  variations 
or  the  ranges  of  temperature  is  not  jiussible. 

XoiTial  dail\’  maximiu;i,  minimujii,  ;uid  average  temperatures  for 
.January  and  .July  (Ml)  are  sliowii  in  figures  21  and  22.  Uinters  ai'e 
usually  relatively  mild  in  the  region,  with  J;uiuaiy  temperatures  that 
average  between  40°  and  55°  F.  Tlie  dail>'  nmge  of  temperature  e.xceeds 
20°  I-  in  the  central  sect  ions  of  the  region,  and  varies  between 
15°  and  20°  I-  liotJi  to  t)ie  noi'tJi  and  to  tlie  south.  Tliese  averages, 
too,  are  somewhat  deceptive,  for  even  in  Jimuarx'  tlie  region  is  covered 
for  considerable  periods  with  wann,  humid  maritime  tropical  air 
flowing  northward  from  the  Gulf  of  Mexico  and  tlie  tropical  .\tlantic. 
I'uring  sliorter  jicriods,  the  region  is  also  dominated  b\-  very  cold,  dry 
continental  arctic  air.  ITiese  shai*p  aimiass  contrasts  make  winter  a 
season  of  strong  temperature  variability.  Ihe  "tvyical”  winter  day 
is  consequently  difficult  to  characterize,  because  it  is  not  simply 
specified  by  tlie  average  maximum  imd  minimum  temperatures  for  the 
month. 
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Sujnmcrs  in  the  Lower  Mississippi  Region  are  distinctly  hot; 
average  July  temperatures  usually  range  betxveen  78°  and  82°  F.  llie 
dail>’  range  of  sLuimier  teiiii>eratures  exceeds  20°  1 in  li\e  northern  half 
of  tlie  region,  ajid  scales  dounuard  to  iiearLr  10°  F along  tlk  iiianediate 
coast  of  Louisiaita.  .Absolute  and  relative  tuaiiidity  are  also  high. 

Idiis  combination  of  heat  and  luanidity  produces  periods  of  oppressive 
sultrv'  weather  with  little  cooling  power.  iTie  usual  siaioner  heat  in 
much  of  the  region  resembles  that  of  the  tropical  wet  climates. 

fable  3 shows  monthb'  and  aniuuil  nonual  temperatures  for  selected 
sites  in  each  Uid’.A.  Tlie  data  (from  140)  are  for  the  .30  year  clhiiato- 
logical  standard  noniial  period,  l;'3l  tliroiigli  lOoO. 

Temperature  extremes.  All  portions  of  the  Lower  Mississippi 
Region  exhibit  strong  continental ity  relative  to  extreme  minimimi  tempe- 
ratures (142).  Readings  below  -20°  f have  been  noted  as  far  soutii  as 
fennesse'e  and  adjacent  sections  of  Arkansas;  temperatures  of  0°  f or 
lower  have  extended  into  northern  Louisiana  and  central  '4iss  issijij)i ; 
and  all  sect  ions  .along  tlie  immediate  Uilf  I'oast  h.ave  exj'erienced  mini- 
mum temperatures  of  10  to  20°  Id 

Ihe  e.x'treme  maximum  temperature  range  over  tlie  region  is  100 
to  120°  F.  file  coastal  region,  witli  a stronger  marine  influence, 
has  the  lower  extremes. 

Ine  occurrence  of  lioth  luiusually  liigh  and  low  temperatures  is  pos- 
sible only  when  anomalies  in  the  usual  circulation  patterns  allow  the 
intrusion  of:  (1)  dr>'  continental  aii'  witli  m.arked  sul'sidence  in  Munmer, 

;ind  (2)  massive  outbreaks  of  rapidly  moving  and  unmodified  arct  ic  air  in 
winter,  fliese  situations  are  rare. 

I'ayys  with  various  temperaUuv  tjire^yholds . Figure  23  sliows  the 
mean  number  of  days  per  year  with  a maximiua  temper.iture  of  00°  I-  and 
.above  and  a minimiuii  temperature  of  32°  i-  and  below  (141).  Ihe  moJer- 
.at  ing  infliuaice  of  tlie  tiulf  of  Mexico  and  the  effects  of  l.ititude  are 
reflected  in  tlie  low  frequency  of  high  temperatures  in  tlie  coastal 
area;  in  the  rapid  increase  in  tlie  ninnber  of  freezes  iril;itid  from  the 
coast;  luid  in  the  maximum  of  days  above  90°  F over  Interior  Louisiana 
and  Mississippi. 

The  i.l.ata  in  table  4 ;miplif)'  these  obsen.it  ions . Table  1 giu.'s  the 
•average  number  of  hours  per  year  witli  temperatures  exceeding  various 
threshold  temperatures  (148).  Ihe  interior  stations  exhibit  subst.aii- 
tially  greater  luuiibers  of  both  higher  and  lower  t emperaturi's  than  those 
nearer  the  coast. 
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Table  4 - Average  Number  of  Hours  Per  Year  witli  Tem]5eratures  Above 
and  Below  Specified  'nireshold  Values 


Average  Number  of  1 lours  Per  Year  with  Temperatures  Above 
and  Below  llireshold  Values 


Site 

>‘i1kPt 

>95°F 

>90°F 

S85*F 

<34°F 

<29°F 

<24°F 

Si  9' 

Little  Rock 

25 

132 

445 

950 

514 

251 

79 

29 

Memphis 

18 

120 

428 

917 

683 

309 

113 

39 

Shreveport 

26 

149 

543 

1,126 

303 

103 

31 

18 

Jackson 

14 

113 

402 

1,092 

379 

155 

52 

11 

Baton  Rouge 

1 

4" 

401 

1,001 

166 

49 

11 

4 

Lake  Charles 

1 

38 

348 

992 

94 

7 ■) 

5 

3 

New  Orleans 

12 

241 

862 

58 

11 

1 

2 

iT^ezeSj^ avcraj;e  dates  and  f requeue ies . The  occurrence  of  freezing 
temperatures  has  adv'erse  effects  on  many  industrial  ;md  commercial  ac- 
tivities, ;uid  freezes  are  one  of  the  signific;mt  hazards  faced  by  agri- 
culture. Figures  24  ;md  25  (adapted  from  1411  show  me;ui  dates  of  the 
initial  .52°1-  day  in  autinmi  and  the  final  52°F  day  in  spring;  figure  26 
depicts  tlie  duration  of  the  freeze- free  period.  The  "growing  season"  is 
long,  i.e.,  from  6 to  7 montlis  in  northem  portions  of  tlie  region  and 
from  8 to  almost  12  montlis  in  southeni  sections.  .As  indicated,  in  some 
years  northern  ;uid  central  I.ouisiana  ;uid  tlie  area  southward  may  be 
freeze-free.  Although  below-freezing  temperatures  can  occur  during  a 
period  of  several  months  each  season,  during  the  average  winter,  they 
are  actually  observed  on  from  5 niglits  in  tlie  southeni  part  of  the  re- 
gion to  70  niglits  in  the  northem  part  of  the  region. 

Degree  days  (heating,  cooling,  growing).  Tlie  degree  day  is  defined 
as  a measure  ol  the  departure  oi  the  me;ui  daily  temperature  from  a given 
standard:  one  degree  day  for  each  degree  of  deiiarturc  above  (or  below) 

the  standard  during  one  day  (52).  Degree  days  are  accimiulated  over  a 
"season"  at  luiy  point  during  wliich  the  total  cam  be  used  as  lui  inde.x  of 
past  temiierature  effect  upon  some  quantity,  such  as  plant  grovvth,  fuel 
consinnpt ion , power  usage,  etc. 

Figure  27,  adapted  from  tJie  Climatic  Atlas  of  the  United  States 
(141),  shows  normal  annual  heating  and  cooling  degree  day  totals  for 
the  Lower  Mississippi  Region.  Comparison  of  normal  seasonal  heating 
degree  days  in  different  locations  gives  an  estimate  of  seasonal  fuel 
consumption,  since  tlie  relationship  between  these  is  linear.  For 
example,  it  would  require  more  than  twice  as  much  fuel  to  heat  a 
building  in  Memphis,  where  the  annual  total  heating  degree  day  total 
is  3232,  than  to  heat  a similar  building  in  New  Orleans,  where  the 
degree  day  total  is  less  than  1400.  The  cooling  degree  day  concept  is 
used  in  a similar  fashion  to  estimate  the  power  requirements  for 
air-conditioning  equipment. 
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Ihuiudity 

Introduction.  Humidity  is  tl\e  expression  oi'  tlic  water  vapor  con- 
tent of  air.  iiiniiidity  is  measured  and  defined  in  several  similar  but 
different  ways,  ilie  most  common  expression  is  relative  humidity,  de- 
fined (.52)  as  tlie  dimensionless  ratio  of  tlie  actual  water  vaiior  in  tlie 
air  at  a certain  temperature  to  tl^e  saturation  \apor  pressure  of  air 
at  the  sajne  temperature.  Relative  himiidit)’  is  usually  t;iven  as  a per- 
centage. The  moisture-holding  capacity  of  air  is  a function  of  temper- 
atm-e,  i.e.,  relative  humidity  decreases  as  temperature  increases  when 
tlie  cimoimt  of  water  vapor  remains  tlie  same. 

linother,  more  conservative,  e.xpression  of  the  moisture  present  in 
the  atmosphere  is  the  dew  point,  defined  [52J  as  the  temperature  to 
which  a given  parcel  of  air  must  be  cooled  at  constant  pressure  in 
order  for  the  parcel  to  reach  saturation.  Kith  a given  moisture 
content,  the  dew  point  would  remain  constant  with  temperature  changes. 

Relative  hrmiidity.  Table  5 shows  the  seasonal  and  diunial 
variations  of  relative  humidity  at  New  Orleans,  Lake  Charles,  and 
Memphis.  Data  are  from  the  h'eatJier  Bureau  series,  "Summaiy  of  Hourly 
Observations,  1951-1960”  (148).  Ihe  table  covers  the  four  midseason 
months  of  January,  April,  July  and  October,  ;ind  the  approximate  times-- 
6 a.m.  and  3 p.m.--of  the  diumal  maximum  ai.d  miniimnn  of  the  non- 
conservative, temperature-sensitive  relative  humidity. 

Dew  points.  Figure  28,  from  the  Climatic  Atlas  of  the  United 
States  (141),  shows  me  tin  dew  point  teirperatures  for  Jtinuarx’  and  July 
and  maximtmi  persisting  12-hour,  1000-mi  1 1 ibar  dew  points  for  the  stune 
months.  The  persisting  dew  points  have  been  used  in  hydrologic 
studies  as  indices  of  the  maximum  prccipitablc  water  in  the  atmosphere. 

Relatively  large  latitudinal  gradients  of  dew  point  temi^ierature 
are  characteristic  in  January',  but  the  imifonnity  of  the  moisture 
regime  of  the  region  in  July  is  strikingly  evident  from  the  almost 
gradientless  pattern. 

Winds 

Seasonal  direction  and  speed  patterns.  Seasonal  wind  roses  for 
•Vew  Orleans,  Lake  Charles,  and  Memphis  are  showi'i  in  figures  29,  50,  and 
31,  res[iect i vely.  Ihcse  roses  indicate  the  percentage  of  time  with  wind 
from  tlie  various  directions  (.\,  XXL,  .XL,  etc.).  Tlie  data  used  are  ob- 
servations of  wind  speed  and  direction  taken  once  per  liour  during  tiie 
years  1951  through  1960,  compiled  from  the  Weatlier  Bureau's  "Siuiimary  of 
Hourly  Observations,  1951-19()()"  series  (148).  Seasons  are  December, 
January,  February  - winter;  March,  April,  May  - spring,  etc.  The  mean 
scalar  wind  speed  for  each  direction  and  the  percentage  of  the  total 
observ'ations  showing  calms  (speed  less  than  0.5  mile  per  iiour)  are 
indicated. 


Table  5 - Percentage  Frequencies  of  Relative  Humidity  Observ'ations 
at  6 a.m.  and  3 p.m.  During  Midseason  Months,  1951-1960 


Memphis 


New  Orleiuis 


Lake  Charles 


Relativ'e 

Hujiiidity 

0, 

0 

6 a, 

,m. 

3 p. 

,m. 

Jan 

Apr 

Jul 

Oct 

Jan 

Apr 

Jul 

Oct 

0-29 

0 

0 

0 

0 

6 

18 

3 

20 

30-49 

3 

3 

0 

-> 

29 

43 

49 

47 

50-69 

24 

21 

4 

9 

29 

24 

35 

19 

70-79 

17 

23 

21 

17 

13 

7 

6 

6 

80-89 

29 

30 

40 

38 

13 

4 

5 

3 

90-100 

27 

23 

35 

33 

11 

4 

2 

5 

0-29 

0 

0 

0 

0 

4 

6 

+ 

6 

30-49 

2 

0 

im 

0 

1 

25 

30 

12 

33 

50-69 

12 

9 

1 

9 

42 

44 

48 

41 

70-79 

14 

7 

2 

7 

12 

9 

20 

9 

80-89 

11 

22 

20 

33 

9 

6 

11 

5 

90-100 

51 

59 

77 

49 

8 

4 

8 

5 

0-29 

0 

0 

0 

0 

6 

9 

+ 

12 

30-49 

1 

+ 

0 

+ 

25 

28 

22 

41 

50-69 

12 

6 

+ 

8 

27 

40 

53 

34 

70-79 

10 

6 

3 

7 

19 

13 

10 

7 

80-89 

20 

22 

25 

26 

13 

6 

11 

4 

0-100 

57 

65 

72 

58 

9 

3 

4 

2 
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MEAN  DEW  POINT  TEMPERATURE.  "F 
(1946-1965)  AND  MAXIMUM  PERSISTING 
12-HOUR  1000  MB  DEW  POINT,  °F 

JANUARY  AND  JULY 

FIGURE  28 
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Figure  29.  Seasonal  Wind  Roses,  New 


Orleans,  Louisiana,  1951-1960 
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Figure  30.  Seasonal  Wind  Roses,  Lake  Charles,  Louisiana,  1951-1960 
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Figure  31.  Seasonal 
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Wind  Roses,  Memphis, 
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Table  6 gives  seasonal  percentage  frequencies  of  the  hourly  wind 
observations  in  various  speed  classes. 

lixtrgno  winds.  The  maximum  winds  occurring  in  the  lower  Missis- 
sippi Region  have  little  influence  on  the  long-tcnn  wind  averages 
because  the  extreme  winds,  often  associated  with  hurricanes,  intense 
middle  latitude  storms,  and  squall  lines,  rarely  affect  any  particular 
location  and  because  extreme  wind  speeds  are  seldom  maintained  at 
one  place  for  more  thiin  a few  minutes  to  a few  hours. 

Ihom  (115)  has  imalyccd  the  series  of  annual  fastest-mile  wind 
speeds  observed  at  first-order  Weather  Serv'ice  stations.  Figure  52 
shows  the  standardized  extreme  one-mile  wind  expected  on  a 100-year 
mean  recurrence  interval  over  the  Lower  Mississippi  Region.  The 
more  frequent  influences  of  hurricanes  in  south  Louisiana  and  of 
intense  middle  latitude  stoniis  in  the  nortJiem  sections  combine  to 
produce  a latitudinal  distribution  of  extreme  winds  witli  maxima  in 
the  northern  and  southern  extremities  of  the  region. 

Evaporation  and  Evapotranspiration 

Evaporation.  Evaporation  is  the  process  by  wiiich  water  is  trans- 
formed  from  the  liquid  state  to  the  gaseous  vapor  state.  The  rates  of 
natural  evaporation  from  the  oceans,  lakes,  ;md  otlier  water  bodies  are 
strongly  affected  by  temperature,  humidity,  and  wind.  Measurements  of 
evaporation  are  made  at  a network  of  selected  stations  equipped  with 
evaporation  pans.  The  mean  annual  total  pan  evaporation,  in  inches, 
over  the  Lower  Mississippi  Region  is  shovn  in  figure  55,  adapted  from 
Weather  Bureau  Ted-mical  Paper  No.  57  (5b).  Studies  have  shown  that 
this  pan  evaporation  exceeds  natural  evaporation  of  larger  water  bodies. 
Coefficients  have  been  develojied  relating  p;m  to  lake  evaporation,  imd 
range  from  0.75  to  0.77  over  tlie  area  of  the  region.  Tlie  mean  ;mnual 
total  lake  evaporation  is  indicated  in  figure  55.  The  nuiximum  ;unount , 
in  excess  of  50  inches  per  year,  occurs  in  southwestern  Louisiana. 

High  temperatures  have  a in'onounccd  effect  on  tlie  evaporation  rate. 
Figure  55  sliows  the  percentages  of  the  total  annual  evaporation  that 
occur  during  tiie  wanner  half  of  the  year  (May  through  October).  In 
southeni  Louisiana,  two-tliirds  of  the  imnual  total  evaporation  occurs 
during  the  six  wanner  montlis.  In  extreme  nortlicm  areas  of  tlie  region, 
this  ;unount  may  range  to  as  higli  as  three-quarters  of  the  total 
evaporat ion. 

Evapotranspiration . The  combination  of  evaporation  from  the 
ground  surface  and  transpiration  from  plants  when  tlie  landscape  is 
completely  covered  with  vegetation  ;md  when  sujiplics  of  soil  moisture 
arc  adcciuate  is  called  potential  evapotranspiration.  Thonitliwaite, 
M'lther,  and  Carter  (114)  give  estimates  of  annual  averages  of  potential 
cvapotransiiiration  nuiging  from  nearly  50  indies  in  some  northern 
sections  of  the  region  to  more  than  40  inches  throughout  most  of 


Table  6 - Seasonal  Percentage  Frequencies  of  Wind  Speeds  (,m])hj 
Within  Specified  Classes 
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LOWER  MISSISSIPPI  REGION 

comprehensive  study 

EVAPORATION.  MEAN  ANNUAL  CLASS  A 
PAN  AND  LAKE,  INCHES;  MEAN  WARM- 
SEASON  (MAY-OCTOBER)  AS  PERCENT 
OF  ANNUAL  TOTAL.  1946-1955 


FIGURE  33 


Louisiiina.  Actual  evapotranspiration  over  a long  period  averages  only 
70  to  90  percent  of  the  potential  value,  since  periods  of  limited 
moisture  availability  occur  from  time  to  time. 

Other  Elements 

Sunshine~ and  solar  radiation.  Figure  .^4,  from  the  Climatic  Atlas 
of  the  United  States  ri411 , shows  analyses  of  percentage  of  possible 
sunshine  (ratio  of  duration  of  actual  sunshine  to  tJie  astronomically 
possible  sunshine)  over  the  Lower  Mississippi  Region  during  the  montlis 
of  January  and  Jul>’.  In  Januar>',  the  ;miounts  of  actual  siuisliine  are 
less  than  one-luilf  of  the  total  possilile  throughout  the  region  witli  the 
exception  of  tlie  "bird's  foot"  of  the  Mississippi  delta.  Cenei'al  iuid 
persistent  stratofonn  clouds  associated  uith  the  passage  of  low  pres- 
sure areas  and  frontal  ss'stems  reduce  sunshine. 

In  spite  of  the  abundant  and  frequent  precipitation  during  July 
over  the  southern  section  of  the  region,  the  percentages  of  possible 
sunshine  there  are  relatively  high,  atid  increase  northward  so  that 
most  of  tlte  region  in  Arkansas,  Mississippi,  Tcnitessee,  Kentucky,  and 
^lissouri  receives  more  tluut  "0  percent  of  total  possible  siuishine.  Tlic 
nature  of  the  convective  processes  through  whicli  clouds  fonii,  preeiju- 
tate,  and  dissipate  during  this  wanii  season  precludes  skies  being  cloudy 
all  Jay. 

Figure  54  also  sliows  tlic  mc;ui  daily  total  solar  radiation  in 
Ixmgleys  (gnmi-calor ics  per  stiuare  centimeter)  for  Jajiuarx'  and  July. 

The  patterns,  controlled  li)'  solar  ;mgle,  day  length,  ;uid  daylight  cloud- 
iness, arc  latitudinal  in  January  ^increasing  from  north  to  south)  and 
longitudinal  in  .July  (increasing  from  east  to  west  (141)). 

Clouds  and  fog.  Mean  sky  cover  or  average  cloudiness  is  given  in 
tlie  ClinKrtFc  Atlas  of  tlie  United  States  (141).  i'or  the  region,  ;nmual 
av'cragcs  I'an^c  between  50  and  W'  j)crccnt  sky  cov'cr.  Tlie  fallacy  of  uti- 
1 icing  one  sucli  "average"  number  to  represent  many  climatic  distribu- 
tions is  illustrated  by  table  7.  The  detailed  data  shown  in  table  ", 
taken  from  the  IVeatlicr  Bureau's  ".Summaries  of  Hourly  Observations,  1951- 
1960"(148),  indicate  that  cloudiness  follows  a U-shaped  frequency  dis- 
tribution, with  lioth  clear  (0  to  50  percent  sky  cover)  or  cloudy  (80  to 
lot)  percent  sky  cover)  conditions  much  more  frci.|ucnt  tlian  jiartly  cloudy 
(40  to  70  percent  sky  cover)  conditions  in  all  seasons.  Partly  cloudy 
skies  resulting  from  ciunulus  clouds  during  tlie  wanner  months  arc  re- 
flected in  increased  PC  values,  but  clear  or  cloudy  skies  are  still  sig- 
nificantly more  frequent.  However,  when  all  obsei-vat ions  arc  averaged 
to  obtain  a single  "average  cloudiness,"  the  resultant  figure  falls  in 
the  middle  of  the  least  frequent  condition. 
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Table  7 - Mont  hi  >■  Averages  of  I’ercentage  Frequencies  of  ClouJ  Cover, 
Based  on  Stuiuiiar ies  of  Hourly  Observations,  1951-19(30 


Memphis,  Term. 

Tentlis 

Cloud 

Cover 

Jan 

leb 

Mar 

Ap_r 

Ma\- 

Jun 

^ul 

Ai^  Seji 

Oct 

\o\' 

I'ec 

Clear 

0-3 

51 

33 

35 

39 

41 

47 

42 

55 

58 

56 

48 

40 

Partly  cloudy 

4-7 

8 

10 

11 

15 

18 

21 

25 

21 

14 

12 

11 

9 

Cloudy 

8-10 

61 

57 

54 

48 

42 

32 

34 

26 

28 

32 

41 

52 

Little  Rock,  Ark. 
Clear  0-5 

54 

36 

58 

59 

59 

49 

43 

54 

60 

56 

50 

42 

Partly  cloudy 

4-7 

8 

9 

10 

12 

17 

21 

24 

21 

14 

12 

10 

8 

Cloudy 

8-10 

58 

55 

52 

49 

44 

31 

54 

25 

26 

32 

40 

50 

Shreveport , La 
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0-3 

34 

36 

38 

38 

40 

54 

51 

56 

59 

59 

50 

42 

Partly  cloudy 

4-7 
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9 

10 

11 

17 

18 

20 

19 

13 

10 

9 

8 

Cloudy 
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57 

55 

52 

50 

45 

28 

29 

25 

28 

51 

42 

50 

Jackson,  Miss. 

Clear 

0-3 

52 

34 

35 

42 

43 

47 

39 

51 

52 

57 

46 

39 

Partly  cloudy 

4-7 

11 

11 

14 

15 

21 

25 

28 

23 

15 

13 

12 

10 

Cloudy 

8-10 

57 

55 

50 

43 

37 

28 

33 

26 

32 

30 

42 

51 

Lake  Qiarles, 
Clear 

La. 

0-5 

53 

32 

54 

36 

59 

46 

38 

44 

49 

57 

41 

37 

Partly  cloudy 

4-7 

11 

11 

12 

14 

n 7 

27 

27 

25 

19 

14 

15 

10 

Cloudy 

8-10 

57 

57 

54 

49 

38 

27 

35 

31 

32 

29 

46 

53 

Baton  Rouge,  La. 
Clear  0-3 

35 

34 

57 

40 

43 

46 

38 

47 

47 

58 

45 

40 

Partly  cloudy 

4-7 

12 

11 

13 

14 

21 

23 

24 

20 

17 

12 

12 

9 

Cloudy 

8-10 

53 

55 

50 

47 

36 

51 

38 

33 

56 

30 

43 

51 

Neiv  Orleans,  La. 
Clear  0-3 

36 

35 

36 

42 

49 

50 

39 

47 

48 

60 

47 

39 

Partly  cloudy 

4-7 

13 

14 

14 

19 

21 

24 

26 

23 

17 

14 

12 

12 

Cloudy 
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51 

51 

50 

40 

50 

26 

35 

29 

35 

27 

41 

50 
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Fog  is  a visible  aggregate  of  minute  water  droplets  suspended  in 
the  atmospltore  near  tlie  earth's  surface.  It  differs  from  clouds  only 
in  tliat  tlie  base  is  at  tlie  surface,  while  clouds  are  above  the  surlace 
(52).  In  the  region,  the  average  number  of  days  per  year  with  heavy 
fog  (visibility  restricted  to  1/4  mile  or  less)  ranges  from  less  tkin 
15  at  some  interior  locations  to  nearis'  50  in  some  coastal  sections  of 
l.ouisi:ma.  bight  fogs  are  considerably  more  frequent.  Since  fog  for- 
mation through  radiational  cooling  and  advection  of  wann  air  over  cool 
surfaces  involves  small-scale  rnicrometeorological  processes,  consi- 
derable vau'iations  in  frequency  within  short  distances  are  possible. 

■Atmospheric  pressure.  .Atmospheric  pressure  and  its  variations 
received  considerable  attention  during  the  early  development  of  meteor- 
olog\'  beginning  in  tlie  nineteenth  centur>’.  In  receitt  years,  however, 
the  importance  of  pressure  us  an  indicator  of  future  weatlier  conditions 
and  as  a climatic  element  has  declined. 

'■lontlil)’  sea  level  lu'cssure  averages  for  four  stations  in  tlie  bower 
Mississippi  Region  (158)  are  shown  in  table  8.  Highest  averages  are  fol- 
iate autiuiui  and  winter;  lowest  averages  are  for  earl\-  summer. 


Table  8 - Mean  Monthl}'  Sea  be\-el  I’ressure  in  Millibars 


■New  Orleans 
Vicksburg 
Memphis 
bittle  Rock 
1000  mb 


Jan  Feb  Mar 

20.4  18.0  17.0 

20.6  18.6  16.9 

20.5  18.8  16.8 

20.7  18.7  16.8 
to  be  added: 


Apr  May  dun 

16.0  15.4  15.0 

16.3  15.0  14.0 

15.4  14.9  14.6 

15.1  14.6  14.5 
:0.4  = 1020.4 


Jul  .Aug  Sep 

16.8  15.4  15.0 

16.5  15.9  15.8 

15.9  15.7  16.5 

15.9  15.2  16.5 


Oct  X'ov  Dec 

17.1  19.9  20.9 

17.9  20.7  20.1 

18.5  20.5  20.9 

18.6  20.2  20.8 


j\nnual  average  sea  level  pressure  for  all  foui'  stations  listed  in 
table  8 is  csseiitially  tlw  s;une,  i.e.,  IOIt.5  or  101".  1 millibars,  bx- 
tremes  of  pressure  in  tlic  region  have  been  associated  with  tropical 
cyclones  along  the  coast  and  witli  middle  latitude  stonns  in  tlie  interior 
areas  (minima);  cmd  with  massive  continental  imticyclones  (maximal. 
Pressures  near  950  mb  iiavc  been  recorded  in  coastal  liurricanes,  and 
pressures  near  980  mli  Jiave  been  recorded  in  interior  stonns.  I'lie  range 
of  the  maxima,  occurring  in  massive  continental  anticyclones  during  win- 
ter, is  1044  to  1050  mb. 
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Climatic  Hazards 


Tropical  cVclones  (Hurricanes) 

Introduction.  In  the  t\vo  and  one-half  centuries  since  liuropeans 
first  settled  in  tlie  Lower  Mississippi  Valley,  scores  of  hurricanes 
and  tropical  stom\s  have  swept  inland  from  tlie  Gulf  of  Mexico  to  pass 
over  the  region.  Some  have  been  mild'-even  beneficial*-bringing  no 
more  tlian  brief,  gusty  winds  and  locally  heavy  rainfall.  OtJicrs  have 
been  accompanied  by  violent  winds  well  in  excess  of  100  miles  per  hour 
(30)  , massiv-e  iruuidations  of  broad  sections  of  the  coastal  area 
reacJiing  10  to  15  feet  above  me.'m  gulf  lev'el  (42),  and  torrential 
rainfalls  of  10  to  more  th;m  20  inches  within  24  hours  (97),  vvhidi 
produced  extensive  flooding  of  interior  areas. 

Within  the  past  decade,  two  extremely  intense  hurricanes  have 
caused  total  damages  in  tlie  United  States  of  aLmost  $1.5  billion  each 
(145).  Both  Betsy  in  Septemlier  1965  ajid  (Vimille  in  August  1969  struck 
the  central  Gulf  coast  and  affected  much  of  the  Lower  Mississippi 
Region. 

Ihe  details  of  tropical  cv’clone  fomuition  are  not  yet  completely 
known,  llvese  stonrs  arc  tlie  results  of  complex  interactions  in  the 
warn  moist  tropical  atmosphere.  In  tlie  tropical  Atlantic,  Caribbean 
and  Gulf  of  Mexico,  vast  lunounts  of  water  vaipor,  evaporated  from  the 
ocean  surface,  are  converted  by  conv'ection  back  to  liquid  water  and, 
in  tlie  process,  heat  is  released.  Convective  clouds  are  a daily 
phenomenon  of  the  tropics;  they  sometimes  develop  into  tluuiderstorms , 
somet  imes  not.  Infrequently,  some  outside  meclianism,  sucli  as  an  east- 
erly wave,  an  eddy  from  an  active  intertropical  convergence  area,  or  a 
polar  disturbance  intruding  into  the  trojiics  tends  to  structure  the 
convection.  Once  organized,  the  heat  released  by  small-scale  con- 
v^ectiv'c  clouds  can  supply  energy  to  larger  scales  of  motion  and  assist 
in  maintaining  a center  of  low  pressure.  .-Xs  tlie  wind  begins  to  circle 
the  low  pressure  area,  friction  enhances  a spiraling  inflow  toward  the 
center.  Momentum  is  conserved  and  the  wind  blows  faster  as  it  nears  the 
center.  Increased  convergence  at  low  levels  maintains  convection  by 
supplying  moisture  and  vertical  motion  at  the  center;  tlie  clouds  in 
tuni  prociuce  more  heat,  thereby  lowering  the  pressure  and  increasing 
tlie  winds,  wiiicli  again  increases  friction  ;uid  inflow. 

This  situation  will  not  persist,  however,  unless  another  mechanism 
at  high  levels  in  the  atmosphere  is  present  to  remove  air  which  accum- 
ulates through  convergence  at  low  levels.  Ihe  interaction  of  low-lev^el 
and  liigli-alt  itiide  wind  systems  detcnuiiies  tlie  intensitv'  that  a tropical 
cyclone  will  attain.  If  less  air  div'erges  aloft  than  converges  at  the 
surface,  the  incipient  storm  will  "fill  uji"  or  dissipate.  If  more  air 
is  pumped  out  tJian  flows  in,  the  central  pressure  will  decrease  and 
tlie  storm  will  intensify. 


Thus,  tlie  tropical  cyclone  can  be  viewed  as  a simple  heat  engine. 

Fuel  is  water  vapor,  evaporated  from  the  ocean  surface.  Combustion 
occurs  in  the  towering  convective  cumulonimbus  clouds  as  latent  heat 
is  released  when  water  vapor  condenses.  An  exhaust  system  is  provided 
by  an  upper  level  wind  circulation  which  removes  air  from  tlie  top  of 
the  storm.  The  starter  is  some  "outside  influence"  which  acts  to 
organize  the  convection. 

As  with  any  engine,  the  storm  will  falter  and  stop  when  ajay  of  the 
necessary  components  fail.  The  tropical  cyclone  decays  as  it  moves 
inland  or  recurves  northward  ov^er  colder  water  and  its  supply  of  water 
vapor  "fuel"  is  reduced.  Occasionally  tropical  cyclones  moving  into 
higher  latitudes  may  modify  into  nontropical  stonns.  ^ 

The  hurricane  is  not  a very  good  engine--the  efficiency  witli  which 
it  converts  thermal  to  mechanical  energy  is  only  about  3 percent. 

However,  the  condensation  heat  energy  released  by  a mature  hurricane  in 
one  day  is  often  sufficient- -if  it  were  converted  to  electrical  energy- - 
to  supply  the  power  requirements  of  the  United  States  for  more  than  6 
months . 

I 

Figure  35  (139)  shows  a mature  tropical  cyclone  in  schematic,  as 
it  appears  on  radar  and  in  satellite  photographs.  The  calm  eye  and  tlie 
spiral  rainbands  are  unique  features  of  the  tropical  cyclone. 

bye  diameters  average  about  15  miles,  with  a range  from  less  than 
5 miles  to  more  than  50  miles.  This  center  is  surrounded  by  a region  ! 

of  very  intense  convection  (the  eye  wall)  where  the  strongest  winds 
are  concentrated. 

Dunn  and  Miller  (30)  describe  four  stages  of  tropical  cyclone  i 

development: 

1.  Tropical  disturbance:  circulation  slight  or  absent  at  surface, 

sometimes  better  developed  aloft,  no  closed  isobars  (lines  of  equal  at- 
mosphere pressure),  no  strong  wijids. 

2.  Tropical  depression:  one  or  more  closed  isobars  and  some  ro- 

tary circulation  at  surface,  maximimi  wind  speed  less  than  39  miles  per 
hour  (34  knots) . 

3.  Tropical  storm:  closed  isobars;  distinct  rotary  circulation, 

maximujii  wind  speed  39  to  73  miles  per  hour  (34  to  63  knots). 

4.  Hurric.'ine:  closed  isobars,  pronounced  rotary  circulation,  wind 

speed  74  miles  per  hour  (64  knots)  or  higher. 

Less  than  half  the  tropical  circulations  reaching  storm  intensity 
in  the  Atlantic  region  ever  attain  hurricane  intensity. 
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Figure  35 


Portrait  of  a Hurric.ine,  as  Seen  by  Satellite 
Radar,  ;uid  Illustrator 


Frequencies.  Figure  30  (top) , adapted  from  "Atlantic  llurricime 
Frequencies  along  tlie  United  States  Coastline"  tlOO),  shows  total 
numbers  of  tropical  cyclone  coastal  crossings  during  the  period  1886 
through  1970  in  50-mile  segments  along  the  Gulf  Coast,  outlined  in 
the  bottom  section  of  the  figure,  llie  assumption  has  been  made  tliat 
hurriciine- force  stoniis  crossing  the  coastline  in  one  oi  the  segments 
also  affected  the  segment  toward  the  right  (east)  of  the  path. 

Great  hurricanes  are  defined  as  those  cyclones  with  sustained 
winds  125  miles  per  hour  or  higher.  Simpson  and  Lawrence  (100)  noted 
that; 

"(this)  nuiximum  wind  threshold  carries  with  it  tiie  likelihood 
of  severe  structural  damage  to  residences  and  small  indus- 
trial plants  where  building  codes  specifically  designed  to 
protect  against  a mature  hurricane  have  not  been  enforced. 

Ihe  central  pressure  of  approximately  950  millibars,  which 
nomally  accompanies  this  wind  v'alue,  can  be  associated 
with  stom.  surge  heights  as  high  as  12  to  15  feet...." 

Figure  36  (center),  adapted  from  K^atlic^r  Bureau  Tedmical  Paper 
\o.  55  (20'l,  shows  the  year-by-year  mmilK-r  of  tropical  cyclones  passing 
ovei-  portions  of  the  Lower  Mississippi  Region  during  the  20tli  Gentuiy. 
Table  9,  prepared  from  data  in  reference  20,  plus  recent  information 
from  Climatological  Data,  National  Siuiimary  (145)  shows  a frequency  sirni- 
mary  by  month  of  tropical  cyclones  whicli  have  affected  the  Lower  Mis- 
sissippi Region. 


Table  9 - Total  Nvmiber  of  Tropical  Cyclones 
Affecting  Portions  of  the  Lower 
Mississippi  Region,  1901-1970 

Shy  Jim  dul  Aug  Sep  Oct  \'ov 

1 11  10  16  35  11  1 

Hope  and  Neumami  (47)  have  recently  presented  detailed  infomit ion 
on  the  seasonal  distributions,  speed  and  direction  of  movement,  ;ind 
prior  and  subsequent  locations  of  tropical  cyclones  passing  through 
2-1/2°  latitude/longitude  areas  of  the  North  Atlantic  region.  Table  10 
summarizes  some  of  their  results  pertinent  to  the  coastal  sections  of 
the  Lower  Mississippi  Region. 
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Table  10  - Tropical  Cyclone  Frequencies  in  the  Northern 
Gulf  of  Mexico,  1886-1969 


.Area 

Total 

No. 

Number 

Hurricane 

Filtering 

Tropical 

Stomi 

Arcu  As 
Tropical 
Depression 

Poisson  Probability 
of  at  Least  One 
Stomi  in  any  Year 

27.5°N-50°N 

95°W-97.5°IV 

56 

15 

15 

6 

0 . 50 

27.5°N-50°N 

92.5°W-95°W 

42 

15 

22 

5 

0 . 56 

27.5°N-50“N 

90°K-92.5°K 

54 

18 

52 

4 

0.45 

27.5°N-50°N 
87. 5 “IV- 90  °K 

55 

19 

52 

4 

0.46 

27.5“N-50°N 

85“W-87.5°W 

58 

22 

29 

7 

0.46 

Cry  and  llagjiarJ  (22]  and  Alaka  (1)  sliow  that  during  tlie  early  part 
of  the  hurricane  season  (June) , the  Oalf  of  Mexico  is  a preferred  region 
of  stomi  development.  During  July  and  August,  formation  most  often 
occurs  in  the  Atlantic,  east  of  the  Lesser  .Antilles.  However,  the 
August  storms  often  move  on  paths  which  bring  them  into  the  Gulf  of 
Mexico.  September  is  the  peak  of  hurric;me  activity.  .A  majority  of  the 
month's  tropical  cyclones  fonn  in  the  .Atlantic,  but  a subst;uitial  nimiber 
have  developed  in  the  Gulf  of  Mexico.  Stomi  development  in  C.\;tober 
tends  to  be  concentrated  in  the  western  Caribbean  area.  F'igui'c  57  (20, 
14.S)  displays  the  patlis  of  several  recent  significant  tropical  cyclones. 

Tropical  cyclone  rainfall.  Tlie  rainfall  as.sociated  witii  tropical 
cyclones  nomially  is  quite  intense,  ;uid  stomi  totals  may  sometimes  reach 
torrential  proportions  (table  11).  Considerable  variability  in  aiiioimts 
I over  relatively  short  distances  is  also  usual.  The  iuiioimt  of  rain  as- 

J sociated  with  a tropical  cyclone  is  de])endent  on  sevei'al  factors  (50). 

\ 'Ihe  most  important  factors  are  the  rate  of  progression  of  the  stomi  sys- 

I tern,  the  nature  of  the  topography  or  surface  over  vvhicli  it  moves,  ;md 

i the  source  cmd  trajectory  of  the  inflowing  air  at  low  levels.  The  in- 

! flow  patteni  plays  a major  role  in  dissipation  of  stomis  over  land. 

Surface  rouglmcss  or  friction  is  greater  over  l;md  so  winds  tend  to  be 
retarded  and  blow  more  directly  toward  the  center  of  the  stomi.  This 
f increases  low-level  convergence  imd  the  rate  of  rainfall.  However,  the 

( increased  convergence  and  the  removal  of  the  storm's  moisture  source  are 

I 

I 

i 


I 


1 


the  beginning  of  dissipation,  and  the  increased  rainfall  rate  is  tempo- 
rary, imless  outside,  nontropical  influences  enter  to  etdumce  it. 


Table  11  - Some  Heavy  Rainfall  Totals  in  Connection  witli 
Tropical  Cyclones  .Xffecting  the  Lower 
Mississippi  Region 


33.71  inches 

Crowley,  La. 

August  6-10,  1940  (5  days) 

29.65  inches 

Lafayette,  La. 

August  6-10,  1940  (5  days) 

21 . 30  inches 

Logiinsport,  La. 

July  22-25,  1933  (5  days) 

21.40  inches 

Alexandria,  La. 

June  15-16,  1886  (1  day) 

19.76  inches 

Crowley,  La. 

August  8-9,  1940  (1  day) 

12.44  inches 

Shreveport,  La. 

July  24,  1933  (1  day) 

Figure  38  illustrates  that  tlie  intensity  (i.e.,  the  wind  speed)  of 
the  tropical  cyclone  circulation  and  tlie  amoujits  of  rainfall  produced 
are  not  closely  related.  Betsy  was  a large  and  intense  storm  fa  great 
hurricane),  but  the  precipitation  pattern  was  relatively  light.  I'.uuille 
was  also  a great  hurriauie  but  tlie  size  of  the  circulation  uas  extremely 
small,  'fhe  resulting  rainfall  from  Camille  ivas  much  hea\  ier  than  in 
Betsy,  but  fell  over  a smaller  area  mostly  ver>’  near  and  to  the  east  of 
the  track.  The  tropical  cyclone  of  August  1940  was  barely  of  hurricane 
intensity  as  it  moved  inland,  and  the  area  of  hurric;ine  winds  was  only 
about  20  miles  wide.  A slow  movement  of  tlie  centei'  westward  ju--t  off 
the  Louisiana  coastline,  with  almost  lialf  of  tlie  circulation  over  land, 
produced  more  than  30  inches  of  rain  in  5 days  at  a few  points  in 
south  Louisiana,  with  almost  20  indies  in  a single  day.  Ihc  tropical 
storm  of  July  1933  was  never  ol  hurricane  force,  entered  the  central 
Texas  coast,  and  had  no  strong  surface  circulation  remaining  in  the 
regions  where  the  heaviest  rainfall  occurred.  Schoner  ;md  .\lolansky 
(97)  present  similar  analyses  for  numerous  hurricanes  and  tropical 
storms  which  have  affected  the  Lower  Mississippi  Region. 

Tropical  cyclone  rainfall  results  from  intense  convection  and  is 
usually  intermittent.  Rainfall  is  concentrated  within  the  eye  wall 
and  in  the  convective  clement  in  t!ic  spiraling  band  of  inflow,  uhicli 
may  extend  outward  several  hiuidred  miles  from  the  eye.  ligure  39-A, 
adapted  from  Gentry,  Fujita,  and  Sheets  (35),  shows  Hurricane  Gladys 
(19b8)  photographed  from  Apollo  7.  Hie  photographed  cloud  patterns 
liave  been  schematized  and  radar  precipitation  echoes  superimposed  in 
figure  39- B.  The  areas  between  spiral  bands  often  appear  cloud-covered 
in  satellite  photographs,  but  radar  shows  these  to  be  free  of  heavy 
precipitation. 
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Figure  39-A 


/\(:)ollo  7 View  of  Hurricane  Gladys 
at  1551  G.M.T.,  17  October  19(i8 
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Figure  39- B.  Example  of  Plan  Position  Indicator  Radar  Composite  Echoes 
Suiicrimjwsed  u|ion  Cloud  Pattern  Derived  from  /^)ollo  7 
Pictiu'cs 


Beneficial  aspects  of  tropical  ^^clones.  R^iinfall  from  some 
tropical  cyclones  has  been  beneficial  in  breaking  extended  periods  of 
drought  Uii')-  Numerous  otlicr  cyclones  have  ;uiieliorated  short-tenu 
moisture  dct'iciencies.  The  potential  economic  value  of  tliis  rainfall 
is  g7'eat.  Benefits  must  be  measured  against  offsettijig  dcsti'uction, 
tnit  tliey  usual  Iv  extend  over  a much  broader  region. 

Figure  40-A  shows  tracks  of  several  drought-ending  tropical 
c>’clones,  :md  the  effects  of  Cindy  (1963)  are  shown  in  detail  in 
Figure  40-B.  ITie  substajitial  rainfall  over  southwestern  Louisiana 
returned  moisture  conditions  to  nearl\’  normal  from  extreme  drouglit 
(as  measured  by  tlie  Palmer  Index). 

Tlie  overall  climatic  effects  of  tropical  cyclone  rainfall  are  far- 
reaching.  Cr>'  (21)  has  shown  that  tropical  cyclones  contribute  signi- 
ficant amounts  to  tlie  total  precipitation  in  the  soutliem  and  eastern 
United  States.  Figure  41  shows  tropical  cyclone  rainfall  as  a percentage 
of  monthly  total  rainfall.  llie  area  is  e.xpmded  for  .September  to  sliow 
tliat  tropical  cyclones  contribute  up  to  45  iiercent  of  the  nomal  montlily 
rainfall  as  far  noi'tli  as  New  Jersey.  I’ercentages  for  tlie  Lower  Missis- 
si[ipi  Region  range  from  about  5 to  12  for  .hme-July;  from  5 to  25  in 
August;  from  5 to  more  tlvm  30  in  September;  ;md  from  5 to  more  tlian  20 
in  October.  Details  of  monthly  data  for  a nortlicrn  ;uid  a soutlicrn  loca- 
tion in  the  region  are  sliown  in  figure  42. 

With  the  possibility  of  man's  future  capability  of  hurricane  modi- 
fication and  control  directed  tow'ard  the  reduction  of  severe  wind  and 
storm  surge  damage  (34,  51),  Sargent  (94)  has  posed  an  intriguing 
series  of  questions  relative  to  tropical  cyclone  rainfall: 

"If  tropical  stoniis  were  dissipated,  mitigated,  or  diverted, 
from  whence  would  this  moisture  come?" 

"Does  the  risk  of  a water  shortage  on  the  Last  Coast  outweigh 
the  biological  damage  and  the  socio-economic  losses  from 
storm  and  flood?" 

"If  the  hurricane's  course  could  be  directed  by  a given  amount 
in  a given  direction,  who  would  make  the  decision  to  change 
tlie  course  so  tliat  instead  of  striking  Florida  (Louisiana)  , 
it  would  be  div'erted  toward  Georgia  or  the  Carolinas  (Mexico)?" 

"On  what  basis  would  the  decision  be  made?" 

Deficient  Precipitation 

Introduction.  In  any  area  of  the  world  with  copious  rainfall, 
such  as  the  Lower  Mississippi  Region,  drought  is  not  often  considered 
to  be  a significant  climatic  factor.  Drought  is  a relative  condition, 
however,  and  rainfall  that  would  be  abundiuit  for  one  region  may  result 
in  disaster  in  iinother.  The  variability  oi  precipitation  on  all  time 
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Figure  40 -A.  Tropical  Cyclones  IvTiich  Have  Terminated  Drought 
in  tlie  Ihiitcd  States 
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Figure  40-B.  Details  of  Hurricane  Cindy,  September  1963 
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Figure  41 


Figure  42. 
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Tropical  Cyclone  Precijiitation,  by  Month.'^  .\verage  for  the 
Period  ID.il-lPbO,  Sliowi  as  Percentage  of  Total  Nlontlily 
Precipitation 


MEAN  monthly  PBCCIPITATION  I95i-1960  MEAN  MONTHLY  PBtCiPiTATiON  I9JI-I9&0 


Mean  Monthly  Precipitation  1951- IPbU  for  lloiu:ui,  l.cHiisi;uia, 
£uid  Jonesboro,  Arkansas,  with  Tropical  Cyclone  Precijnta- 
tion  Indicated  by  Sliading  (Top).  Changes  in  I’robabi  1 i t ies 
of  Receipt  of  Various  lliresliold  /Xmoiuits  when  Tropical 
cyclone  Precipitation  Removed  from  Montlily  Distribution 
(Bottom) 
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scales  is  relatively  large- -extended  periods  of  drier  and  of  wetter 
weather  occur  from  time  to  time  in  all  areas. 

Further  complicating  an  objective  assessment  of  drought  is  a basic 
definition  of  the  problem:  the  meaning  and  perception  of  drought  is 

dependent  on  the  point  of  view- -agricultural,  hydrologic,  economic, 
etc.  (78,165). 

If  the  meteorological  aspect  is  regarded  as  basic- -and  other 
aspects  as  effects- -a  single  generalized  definition  may  be  formulated 
that  will  allow  study  and  evaluation  of  frequency,  duration,  ;ind  se- 
verity of  drought.  Tins  should  be  accomplished  througli  a quantitative 
parameter  capable  of  ev^aluating  the  v'arious  meteorological  plienomena 
characterizing  prolonged  and  abnormal  moisture  deficiencies.  Comparison 
of  these  index  values  with  effects  provides  a basis  for  classification 
of  drought  by  severity.  Such  an  index  has  recently  been  developed  (78). 
The  Palmer  Index  is  universal  in  that  persistently  normal  temperature 
and  precipitation  produce  an  index  of  zero  in  all  seasons  in  all 
climates.  Further,  the  extended  period  of  greatest  abnormal  dryness 
of  long  record  produces  an  index  arotutd  -6,  regardless  of  the  degree 
of  aridity  or  wetness  of  the  climatic  averages  of  the  region  being 
studied. 

Palmer  index.  Meteorological  drought  is  defined  as  a prolonged 
and  abnormal  moisture  deficiency.  How  long  is  "prolonged?”  Usually 
several  montiis.  Ivhat  is  "abnormal?"  Abnormality  implies  deviation 
from  some  established  norm  or  average.  "Deficiency"  indicates  a 
demand  which  exceeds  the  available  supply.  Consequently,  a drought 
period  is  an  interv'al  of  time,  generally  on  tlie  order  of  months  or  even 
years  in  duration,  during  which  tlie  actual  moisture  supply  at  a given 
place  consistently  tails  short  of  the  climatically  expected  or  suitable 
supply.  Ihe  severity  of  drought  depends  on  botli  the  duration  and  the 
magnitude  of  the  moisture  deficiency. 

Ihe  Palmer  index  was  designed  to  allow  spatial  comparisons  as 
well  as  temporal  evaluations.  Tlie  index  is  based  on  the  concept  that 
the  amoimt  of  precipitation  required  for  the  nearly  normal  functioning 
of  the  established  regional  economy  depends  on  the  long-term  climate 
and  on  the  prevalent  meteorological  conditions  both  during  and  pre- 
ceding the  period  of  interest.  The  characteristics  of  recent  ;ind  past 
weather  are  both  taken  into  accoimt . From  time  to  time,  droughts  of 
similar  severity  occur  in  two  regions  which  have  very  dissimilar 
cl UTuites- -the  Lower  Mississippi  Region  as  opposed  to  eastern  Oregon, 
for  instance.  In  effect,  the  climates  in  lx)th  areas  will  have  been 
temporarily  more  arid  than  usual,  liach  area,  in  its  own  way,  becomes 
dismpted  by  the  luiusual  drvness.  For  c.x;uiiple,  extreme  drought  in  the 
Lower  Mississippi  Region  might  well  lead  to  reports  of  low  water  tables, 
deficient  strejunflow,  depleted  reservoirs,  and  serious  shortages  of  soil 
moisture.  On  the  other  h;ind,  extreme  drought  in  eastern  Oregon  would 
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produce  complaints  of  dr>'  ranges,  critical  fire  danger,  and  a shortage 
of  vv'atcr  for  irrigation  and  livestock.  Thus,  tlie  many  and  varied  ef- 
fects of  a prolonged  period  of  abnoniially  dr>'  weather  depend  on  the 
climatic  averages  and  the  established  activities  in  the  affected  areas. 

Palmer's  method  requires  a climatological  analysis  of  a long 
record  in  order  to  derive  five  constants  which  define  certain  moisture 
characteristics  of  the  climate  of  the  area  of  interest.  Tlierefore, 
the  first  thing  required  is  a month-by-month  water  balance  accounting 
for  a long  record,  such  as  30  years  or  more.  Palmer  used  a two- layer 
soil  model  and  the  Thomthwaite  metliod  of  computing  potential  evapo- 
transpiration;  however,  otlier  methods  could  be  substituted.  Potential 
values  were  also  derived  for  nuioff,  moisture  I'echarge,  and  moisture 
loss.  Next,  tlie  results  of  tlie  water  balaj;ce  accounting  must  be  sum- 
marised to  produce  the  five  constajits  for  each  of  the  12  calendar 
months.  t)ne  const:mt,  alpha,  is  tlie  coefficient  of  cva])otranspiration, 
the  ratio  of  the  computed  meiui  monthly  evapotiamspiration  (IH")  to  the 
mean  monthly  potential  evapotnmspirat  ion  (I’l:).  Tliis  ratio  is  nearly 
1.0  in  lumiid  climates,  but  approaches  0 in  very  arid  regions.  .Another 
const;mt,  beta,  the  coefficient  of  recharge,  is  tlie  ratio  of  the  mean 
monthly  moisture  gain  (R1  to  the  mc:in  maximimi  possible  gain  (PR).  Tlie 
coe f f ic^iciyt  of  loss , delta,  is  the  ratio  of  meiui  moisture  loss  (L)  to 
merui  potential  loss  (PL),  where  potential  loss  is  the  amount  of  evapo- 
tnmspiration  that  would  hav'e  occurred  if  no  precipitation  had  fallen 
during  the  month.  Hie  coefficient  of  lainoff,  gamma,  is  the  ratio  of 
computed  me;ui  nuioff  (RO)  to  meem  potential  niiioff  (PRO)  .V  .An  addi- 
tional constant,  K,  is  an  empirically  derived  weighting  factor  which 
depends  on  a lumiber  of  measures  of  the  moisture  supply  and  demand  char- 
acteristics of  the  climate  in  question. 

Having  developed  these  coefficients,  it  is  possible  to  compute  the 
amount  of  precipitation  (P)  that  should  have  occurred  during  a parti- 
cular month  to  sustain  the  evapotranspiration,  runoff,  and  moisture 
storage  that  could  be  considered  as  "normal"  and  appropriate  for  the 
climate,  having  taken  account  of  antecedent  moisture  conditions.  The 
equation  is 

P = aPE  + gPR  + yPRO  - 6PL,  (Eq.  1) 

where  the  potential  values  are  those  that  apply  to  the  particular  period 
in  question. 

'Ihe  computed  precipitation  is,  in  fact,  an  adjusted  normal  precipi- 
tation, the  adjustment  being  dependent  on  the  antecedent  weather  as  re- 
flected by  the  computed  moisture  storage  and  on  the  anomaly  of  the 


!_/  Palmer  used  I’RO  = Availabl_e  Water  Capacity  — PR,  but  indicated  that 
PRO  could  be  defined  as  3P  — PR,  where  F = nomuil  monthly 
precipitation. 
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potential  ev^apotranspirat  Lon  during  the  montli  in  question.  CX’er  tlie 
long  tenii,  the  mean  of  the  computed  precipitation  is  equal  to  tlie  mean 
of  tiie  actual  preciiiitat ion.  However,  for  a particulaj'  montli  the  actual 
precipitation  minus  the  comiiuted  precijiitat ion  jirovides  a measure,  d,  of 
tlie  degree  to  which  the  montlt  was  abnormally  wet  or  abnomally  dry. 

Ulien  multiplied  by  the  weigliting  factor  K,  tlie  moisture  anomaly  inde.x 

Z = Kd,  (liq.  2) 

provides  a measure  which  is  comparable  in  space  and  time. 

Inasmuch  as  a succession  of  months,  most  of  which  were  abnormally 
dry,  produces  a drought  of  gradually  increasing  sev'erity,  the  final 
drought  inde.x  (.X)  depends  on  the  sequence  of  Z values . These  can  be 
combined  by  the  empirical  equation 

= 0.81)7  + :^./5.0,  (liq.  5) 

where  the  subscript  c refers  to  the  current  month  in  question  and  p 
refers  to  the  previous  montli. 

Results  of  the  imalysis  of  a long  record  provide  a series  of 
monthly  drought  index  values  which,  in  general , r;mge  from  aroiuid  0 to 
-b.  Tlie  positiv'c  values  are  more  or  less  incidental  to  Talmer’s  basic 
purpose,  but,  importmitly,  they  do  provide  realistic  measures  of  the 
degree  of  luiusualness  of  extended  periods  of  ahnonnally  wet  weatlier. 
llie  completed  analysis  breaks  the  meteorological  record  into  separate 
periods  of  drought,  alinonnally  wet,  or  nearly  nonnal . Table  12  lists 
the  descriptive  tenns  whicli  have  been  assigned  to  describe  the  cliaracter 
of  the  weather  I'epresented  b\'  various  intervals  of  the  Palmer  index. 


Table  12  - Descriptive  Tenns  for  Keatlier  Conditions 
Represented  by  Ranges  of  Palmer  Index 


I ndex 

Cliaracter  of  Recent  Keatlier 

4.00 

or  more 

\'ery  much  wetter  than  nonnal 

.7.00 

to  5.99 

Much  wetter  than  nonnal 

2.00 

to  2.99 

Nbderatel)'  wetter  tliiui  nonnal 

1. 00 

to  1 . 99 

Slightly  wetter  than  nonnal 

0 . .SO 

to  0 . 99 

Incipient  wet  .sjiell 

0.49 

to  -0.49 

Nearl)’  nonnal 

0.50 

to  -0.99 

Incipient  drougiit 

-1.00 

to  -1.99 

Mild  drought 

-2.00 

to  -2.99 

Moderate  drougiit 

-5.00 

to  -5.99 

Severe  drought 

-4.00 

or  less 

Hxtreme  drought 
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Palmer's  technique  has  been  widely  used  in  the  United  States  ;md  in 
some  other  areas  of  the  world.  Results  are  reported  as  being  realistic 
in  all  areas.  The  technique  is  mathematically  simple,  hut  it  is  in- 
v'olvx'd  ;md  tedious.  Uhen  ilone  by  hand,  it  is  slow  ;uid  t ij)ie-con.suming , 
liut  wiiere  comjHiters  are  available,  results  can  he  attained  quickl\'.  llie 
method  is  better  suited  for  climatological  analysis  than  for  operational 
use.  However,  during  periods  when  a major  drought  is  developing  and 
spreading,  it  affords  a useful  means  for  routinely  assessing  the  areal 
distribution  of  the  various  degrees  of  drought  severity.  In  the  United 
States,  tins  is  done  on  a weekly  basis  during  critical  situations.  Of 
course,  some  of  tlie  original  constants  and  equations  are  modified  in 
order  to  treat  weekly  rather  than  montlily  data. 

Palmer's  technique  has  been  applied  to  tlie  climatic  data  accumu- 
lated since  1P31  for  each  standard  climatological  division  comprising 
the  region,  fhese  divisions  are  shown  in  figure  43.  The  regional 
variations  in  maxunum  drought  intensity  and  duration  are  shov^n  in 
figure  44.  .All  sections  have  recorded  "extreme"  drought  witii  tlie 
exception  of  the  southwest  and  west  central  divisions  of  Louisiana. 
Ins[iection  of  figure  44  reveals  that  durations  of  the  longest  "dry" 
spell  range  fi'om  21  months  in  south-central  Louisiiuia  to  0.3  months  in 
northeast  Arkansas.  (X’er  most  southern  sections  of  tlie  region,  maxi- 
mum duration  of  drought  conditions  has  been  2 to  4 years;  in  most  of 
the  northern  sections,  3 to  nearly  5 years. 

Figure  45  shows  tlie  regional  "wet"  experience.  All  sections  have 
been  "ver>’  much  wetter  than  normal”  on  one  or  more  occasions,  while  the 
greatest  durations  of  the  longest  periods  of  wet  conditions  range  upward 
from  nearly  20  months  in  southern  Arkansas,  the  upper  Mississijipi  Delta, 
and  southeast  Louisiana  to  more  tluui  40  months  in  the  extreme  northern 
divisions. 


Additional  details  of  the  climatic  variability  indicated  by  the 
Pahiier  Index  are  displayed  in  figures  46-A,  46-B,  and  46-C.  The 
patterns  of  monthly  moisture  anomaly  show  an  irregular  alteniation  of 
wet  and  dry  periods.  Extended  periods  of  severe  or  extreme  drought  ai'e 
luicommon,  ;uid  region-wide  occurrences  very  rare.  The  droughts  of 
1936-37,  1941-42,  1954-55,  and  1964  arc  prominent  in  northeni  portions 
of  the  region,  ;md  those  of  1952  luid  1963  are  outstanding  in  several 
southern  sections.  Ihc  wet  .s]iells  centered  in  1945-46,  1950,  1957-58, 
;uid  1961-62  are  outstanding  over  substantial  areas. 

Tornadoes 

Introduction.  Tornadoes  are  the  most  violent  storms  in  nature. 
Local  storms  of  short  duration,  tornadoes  .are  ch.n-actcrized  b\-  an  in- 
tense vortex  in  which  air  spirals,  usually  in  a coiuiter-clockwise  di- 
rection, .'iroiuid  a central,  nearly  vertical,  core.  Torn.ido  destructive 
forces  are  a combination  of  high  winds  ;uul  a partial  vacuum  at  the 
center  of  the  vortex. 


Figure  45.  Palmer  Index:  Value  for  Wettest  Month  and  Duration 

in  Months  of  Longest  Wet  Spell,  1931-1970 
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Figure  46-A.  Palmer  Index:  1931-1970 
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Figure  46-C.  Palmer  Index:  1931-1970 


89 


.\s  a toniado  passes  over  a structure,  winds  twist  ajid  rip  at  the 
outside  while  the  abmpt  atmospheric  pressure  reduction  produces 
explosive  overpressure  inside.  Walls  collapse  or  topple  outward, 
windows  explode,  and  debris  is  driven  through  the  air  in  a dangerous 
barrage. 

Ihe  duration  of  most  tomadoes  is  brief  and  their  destructive 
paths  are  small  but  often  terribly  complete.  Ihe  extreme  danger 
associated  with  tomadoes  is  simply  that  they  strike  swiftly  with 
terrible  force  so  that  warning  time  allowing  ev'asive  action  is  ver>" 
short  or  impossible. 

Some  phases  in  tlie  life  cycle  of  a toniado  are  illustrated  in 
figure  47,  a set  of  photograplis  taken  near  l.nid,  Oklahoma  (147).  The 
grayish  fiuinel-sliaped  cloud  cliaracter ist  ic  of  tornadoes,  extends  dovvii- 
ward  from  the  parent  thunderstonii.  Often  tills  liuinel  cloud  remains 
aloft,  and  the  full  fuiy  of  the  storm  does  not  reach  tlie  ground.  The 
funnel  cloud  is  produced  by  tlie  condensation  of  moisture  in  the  zone  of 
sharply  reduced  atmospheric  pressure.  This  pressure  reduction  may  be 
one- sixth  to  one-quarter  of  the  total  pressure. 

Tornado  paths  average  less  than  one-quarter  mile  in  width  and  are 
seldom  more  than  IS  miles  long.  Tomadoes  are  always  associated  with 
parent  tlumderstorms . Uhcn  strong  squall  lines  move  thi'ough  a region, 
several  individual  tomadoes,  a tornado  "family,"  may  form  in  different 
intense  thunderstorm  cells.  At  least  four  tomadoes  moved  through  the 
delta  region  of  Mississippi  on  Februarv’  21,  1971,  and  more  than  10 
swept  Arkansas,  Missouri,  Tennessee,  ;md  Mississippi  in  tlie  great  out- 
break of  March  21,  1952. 

Ihe  precise  formative  mechanisms  of  tomadoes  are  luiknown.  The 
basic  physical  processes  leading  to  severe  tliunderstorms  combine  to 
produce  thermal  instability  in  the  atmosphere,  e.g.,  cold,  dense,  dry 
air  at  higher  levels  and  wanii,  ligliter,  moist  air  at  tiie  surface.  In 
this  situation,  the  cold  air  must  descend  and  the  wanner  air  must  rise. 
Tlus  regional  atmospheric  overturning  often  results  in  tlumderstorms. 
More  rarely,  several  meteorological  factors  combine  in  exactly  the 
right  combination  to  pi'oduce  extreme  instability,  severe  thimderstoims , 
mid  tornadoes.  Such  combination  is  schematized  in  figure  48.  Cold, 
dry,  continental  polar  air  moving  southward  encoiuitcrs  wanii,  moist, 
maritime  tropical  air  along  a surface  cold  front.  Aloft,  a zone  of 
high-speed  winds--a  jet  stremn- -ovcrl ies  the  frontal  zone  of  sharp  thcr- 
nuil  contrast  between  the  air  masses.  Dry  continental  tropical  air  is 
drawn  into  the  ujipcr  level  circulation  through  the  Jet  ;md  acts  as  the 
starter  for  enhancing  the  instability.  Severe  weather  is  most  probable 
within  the  region  indicated  by  the  box  in  figure  48. 

Ilie  formation  of  tornadoes  in  this  basic  smoptic  flow  pattern 
inv'olves  complex  transfonnat ions  of  jiotential  energy  into  kinetic 


energy.  In  some  special  circumstances , .small  but  intense  low  i)ressurc 
areas  (micro -lows')  I'onn,  and  the  surroiutding  air  begins  a spiraling 
radial  ini'low.  Once  tlie  inflow  is  established,  if  momentum  is  con- 
ser\'ed,  the  flow  must  increase  as  it  approaches  the  vortex  center. 

Ihe  strong  convective  activity  will  then  sustain  the  vortex  until  the 
kinetic  energy  is  dissipated  by  friction  (.150) . 

Uhile  the  occurrence  of  tornadoes  lias  been  reported  on  all  the  con- 
tinents except  .\ntai’ct  ica,  tlie  meteoi'ological  conditions  necessary  to 
produce  the  destructive  stonns  are  maximized  in  tlie  tlreat  I’lains  - .^lis- 
sissippi  i'alley  Region  during  spring.  IXiring  the  jieriod  1955-1907,  an 
average  of  more  than  000  tornadoes  per  >ear  was  reported  in  the  United 
.States  (1401.  About  one-half  occur  during  April,  May,  ;md  dime.  Occur- 
rences are  most  freciuent  during  the  wanner  part  of  day  due  to  the  convec- 
tive processes  involved.  A]i[irox imately  2.5  percent  of  total  toniado  ac- 
tivity occurs  between  4:00  and  0:00  p.m. ; 82  percent  occurs  between  noon 
;jnd  mit-bjiglit.  bolfoi'd  (172)  provides  additional  details  for  the  vears 
1910-1958^. 

Regional  occurrences . fhe  Lower  Mississippi  Region,  located  just 
Noutli  and  east  oT  tlie  most  toniado-prone  section  in  the  world,  has  had 
munerous  tornado  disasters.  .-\  few  of  the  outst;mding  toniadocs  or  tor- 
nado fimiilies  that  have  occurred  in  the  region  during  the  20th  Uenturi' 
are  listed  in  table  15. 


Table  15  - .Some  iXitstanding  Lower  Mississijijii  Region 


I'ornado  tXitbreaks,  1901-19i 

n 

Year 

Hate 

Location 

Time 

Lives 

Lost 

.\imilier  list . Property 
Injured  Ikmiage 

1908 

Apr 

24i/ 

C.  ;uid  LC.  La., 
S.  Miss. 

5 a . m . - 
noon 

100 

649  S 880,000 

1925 

•Apr 

4 

••Uexandria- 
rineville.  La. 

5 p.m. 

14 

750,000 

1942 

.^lar 

Ibi/ 

C.  to  XL.  Miss. 

4 p.m. 

75 

525  1,400,000 

1952 

Mar 

2li/ 

Ark.,  K.  Tenn. , 

X.  .Miss.,  SL.  Mo. 

5 p.m. - 
mdnt . 

204 

1184  15,800,000 

1953 

Dec 

5 

Vicksburg,  Miss. 

5:55  p.m. 

58 

270  25,000,000 

1964 

Oct 

.5^/ 

Larose , La . 

6:50  a.m. 

165  500,000 

1971 

Feb 

2li/ 

XL . La . to 

KC.  ajtd  XW.  Miss. 

5:10- 
7 : 50  p.m. 

113 

2005  19,000,000 

1_/  I'ornado  f;unilies. 

2/  In  circulation  of  Hurricane  Hilda. 
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Figure  49  shows  tlie  initial  points  of  reported  tornado  touchdow'ns 
in  the  Lower  Mississippi  Region  during  the  years  1951  tJirough  1970  (145). 
Approximately  5 percent  of  the  total  number  of  United  States  tornadoes 
have  occurred  in  the  region.  Indications  of  some  demographic  bias  may 
be  noted  in  tliis  ligure.  llie  only  positive  identification  of  the 
tornado  is  human  visual  sighting,  llie  maxima  noted  near  centers  of 
population  and  in  areas  of  intensive  rural  settlement  reflect  to  an 
unknown  degree  the  greater  numbers  of  potential  observers  and 
reporters  in  tliese  areas . 
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Figure  49.  Initial  Points  of  Ground  Contact  of  624  Verified  Tornadoes 
in  Counties  Making  up  the  Lower  Mississippi  Region 
IXiring  the  Years  1951-1970 


sLiw-Aci-:  i\u\ti;r 


Hie  surface  water  su])pl>'  of  tlie  Lower  Mississippi  Region  is  princi- 
pally derived  from  precipitation  cmd  nuioff  witliin  tlie  region,  streajii- 
flow  from  sources  outside  tlie  region,  and  groiuid  water  sources  recliarg- 
ing  botli  witliin  and  outside  the  region.  Much  of  the  water  is  stored 
in  ground  water  aquifers,  lakes,  surface  reserwii rs , luid  streajics  before 
flowing  to  the  sea.  Water  not  consumed  within  the  region  ultimately 
flows  into  the  llulf  of  Mexico  or  returns  to  the  atmosphere  by  evapora- 
tion or  tnuispiration. 

llie  streamflow  system  within  the  region  is  comiiosed  chiefly  of  the 
Mississippi  River  ;uid  its  tributan’  streams  between  Cairo,  111.,  ;uid 
the  Cul  f of  Mexico  ;uid  the  coastal  area  streimis  of  southern  Louisiana. 
Tlie  total  drainage  area  of  stremiti  within  the  region  is  about  102,400 
scpuire  miles,  40, "40  square  miles  of  wiiicli  contribute  flow  to  the  Mis- 
sissippi River.  Ilie  remaining  52,000  square  miles  of  the  region  are 
drained  by  the  Atchafalaya  River  ;uid  other  streams  wiiich  flow  into  the 
Gulf  of  Mexico.  A schematic  diagnun  of  the  ixittern  of  streamflow 
within  the  region  and  the  drainage  area  and  me;ui  flows  at  the  mouths  of 
many  of  the  major  streams  are  shown  in  the  area  nuioff  diagram  in  fig- 
ure 50,  figure  51  is  a regional  map  showing  nuijor  lakes  and  streams, 
Wld’A  boiuidaries,  State  boiuidaries,  major  cities,  and  other  pertinent 
features.  It  also  presents  isopleths  of  the  me;ui  luinual  nuioff  gener- 
ated in  the  Lower  Mississippi  Region. 


Qiuint  i t y 

llic  mean  annual  discharge  generated  within  the  Lower  Mississijipi 
Region  luider  1973  levels  of  dev’elopment  is  about  117,580  c.f.s.  Tnis 
is  cxiuivalent  to  about  15.5  inches  of  nuioff  or  about  85  million  acre- 
feet  of  runoff  per  year.  .Xliout  47  percent  of  this  flow  is  discharged 
into  the  Mississippi  River  through  its  tributaries,  with  the  remainder 
flowing  through  other  routes  to  the  Gulf.  .Vliout  one-half  of  the  flows 
generated  within  the  region  originate  in  Uld’A's  9,  5,  and  2.  liie  flows 
produced  in  these  and  tlie  remaining  Wld’A's  are  shown  in  table  14,  a 
tabulation  of  annual  discharges  for  the  Lower  Mississipin  Region,  llie 
Mississippi  River  ;uid  coastal  streams  in  the  ix'gion  collectively  dis- 
charge an  average  of  about  071,100  c.f.s.,  or  485  million  acre-feet, 
per  year  into  the  Gulf  of  Mexico.  Ihese  figures  include  flows  jiassing 
into  and  through  the  region  as  well  as  those  generated  within  tlie  re- 
gion. ;\liout  453,000  c.f.s.  are  discharged  through  the  Mississippi 
River,  180,500  c.f.s.  through  the  Atachafalaya  River,  and  the  remaining 
31,000  c.f.s.  through  coastal  streiuas  in  Kld’A's  8,  9,  and  10. 

Major  inflow  into  the  Ixiwer  Mississippi  Region  is  from  the  Ohio 
and  Upper  Mississippi  Regions,  vviiich  contribute  a mean  annual  flow  of 
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approximately  452,000  c.f.s.  into  tlie  region.  Additional  inflow's  to  the 
region  avenige  25,500  c.f.s.  from  the  Ivhite  River  Basin,  40,000  c.f.s. 
from  the  Arkansas  River  Basin,  and  31,000  c.f.s.  from  the  Red  River 
Bits  in. 

Ihe  mean  .annual  discliarge  values  discussed  in  the  preceding  para- 
graphs represent  tlie  ultimate  rjutmtity  of  water  from  tlie  region  tliat 
can  1)0  made  .available  for  use.  However,  tliis  iiuiuitity  ctm  never  lie 
realist  ic;il  ly  obtained  for  use  Itecause  of  the  pliysical  limitations  of 
availaltle  stonige  sites  .and  increases  in  ntitural  losses  that  occur  with 
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development.  Hie  availability  of  surface  water  within  tlie  region  cati 
be  defined  on  a percentage  liasis,  such  as  the  flow  equaled  or  exceeded 
for  various  periods  of  tune,  l-'or  general  plaiuiing  purjioses,  dependable 
yields  at  potential  resei-voir  sites  should  be  considered  as  the  lowest 
mean  aimual  flow  for  tlie  period  of  record,  or  about  tlie  90  percent  dura- 
tion flow,  flows  for  durations  of  SO  and  95  percent  stiould  also  lie 
considered.  In  the  Lower  Mississijipi  Region,  a discliarge  of  aliout 
341, "OO  c.f.s.  can  be  expected  to  occur  about  80  percent  of  the  time, 
958,200  c.f.s.  about  90  jiercent  of  tlie  time,  and  910,400  c.f.s.  aliout 
95  percent  of  the  time.  These  flows  include  inflows  from  outside  the 
region,  lliese  duration  figures  and  those  for  each  UlU’A  are  given  in 
taiile  14. 

Present  Utilization 

K'ithdravvals  from  surface  water  sources  in  the  Lower  Mississipjii 
Region  during  1970  averaged  about  99,9ti5  c.f.s.  and  were  equivalent  to 
about  19  jicrcent  of  the  mean  annual  flow  generated  within  the  region 
(ll'',380  c.f.s.).  Surface  water  withdrawals  constituted  about  "4  per- 
cent of  the  total  withdrawals  in  the  region,  with  the  remainder  coming 
from  groiuid  water  sources. 

Major  surface  water  withdrawals  were  from  KRl’A  10,  which  withdrew 
40  percent  (8,7(i5  c.f.s.)  of  all  the  surface  water  withdrawn  in  the 
area.  Hie  coastal  areas,  WRl’A's  8,  9,  and  10,  together  accoiuited  for 
about  three- fourths  of  the  region's  total  surface  water  withdrawal,  with 
most  of  the  water  being  used  in  the  rapidly  exiianding  basic  metal  and 
petrochemical  iiulustries  in  the  \'ew  firleans- baton  Rouge,  Li.,  area. 

Major  jHirposes  of  surface  water  withdrawal>  were  for  industrial  uses 
17,120  c.f.s.),  )Kiwer  jiroduct  ion  U>,915  c.f.s.),  and  fish  and  wildlife 
enhancement  (4,870  c.f.s.). 

tiroiuid  water  withdrawals  in  the  I'egion  during  I'.ro  averaged  about 
8,290  c.f.s.  About  45  percent  of  these  withdrawals  were  from  IVRPA  9 and 
were  used  for  irrigation  of  crojis.  Irrigation  was  also  the  leading  use 
of  groiuid  water  withdrawals  in  the  entire  region,  averaging  5,390  c.f.s. 
during  1970.  Industrial  and  municipal  withdrawals  totaled  1,980  and 
525  c.f.s.,  res]iect  ively . 

About  12,120  c.f.s.,  or  40  percent  of  the  total  groiuid  ;md  surface 
water  withdrawals  from  the  Lower  Mississippi  Region,  were  consiuiied.  llie 
remaining  18,435  c.f.s.  that  were  withdrawn  were  released  and  returned 
to  streamflow.  lliese  releases  resulted  in  a net  decrease  in  streamflow 
in  the  region  of  about  3,830  c.f.s. 

llie  areas  consuming  the  largest  quantities  of  water  were  KRl’A's  10, 
2,  and  9,  which  together  accoiuited  for  over  75  ]iercent  of  the  total  con- 
sumption of  water  in  the  region.  Major  consiuiijit  ions  were  for  irrigation 
(5,2()0  c.f.s.),  fish  and  wildlife  enhancement  (4,245  c.f.s.),  and  indus- 
trial uses  (1,310  c.f.s.). 
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Additional  infornution  on  the  withdrawals  of  ground  and  surface 
water  in  the  Lower  Mississippi  Region  during  1970  is  given  in  table  15. 
Also  presented  are  pertinent  data  on  the  consumj^tion  of  water  in  each 
area  and  in  the  entire  region. 
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Stream  Management 

Stream  numagement  practices  include  the  measurement,  regulation, 
and  conservation  of  the  water  resources  within  the  region.  Considerable 
i progress  has  been  nvide  in  making  these  practices  more  efficient  for  the 

benefit  of  all  the  various  water  users,  iliis  progress  has  been  mainly 
r through  the  development  of  mc^ms  to  physically  control  the  streajnflow, 

' through  the  develojunent  of  criteria  for  use  in  planning  the  regulation 

of  streamflow,  ;ind  through  work  on  the  legal  aspects  involved  in  con- 
trolling streamflow. 

The  physical  control  and  management  of  the  streams  involve  tlio 
construction  iuid  operation  of  storage  and  diversion  facilities,  such  as 
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flood-control  reservoirs  ;md  locks  ;uid  d;niis  on  tlic  major  navij;ation 
clianncls,  ;uid  channel  modification  and  iiiainten;uice  to  control  drainage. 


■file  operation  of  resen'oirs  for  flood  control  iLsuall>’  follows  a 
pattern  of  discharging  excess  water  in  the  earl>’  months  of  the  fall, 
then  mintaining  active  capacity  during  the  winter  months  to  allow  for 
the  storage  of  nuioff  from  heavy  winter  luul  sjiring  rains.  'Hie  stored 
water  is  then  released  as  needed  for  power  generation,  water  su])ply, 
pollution  abatement,  and  other  pui-]ioses  in  the  clumnels  downstream, 
frequently,  the  releases  needed  to  suiiplemcnt  low  flows  in  the  summer 
montlis  may  lower  tlie  reservoirs  to  the  point  tliat  no  excess  water  will 
have  to  he  released  to  maintain  active  storage  prior  to  t!ie  flood  sea- 
son. Ihese  releases  during  the  low  flow  season  at\  based  on  ]iredictions 
of  reservoir  levels  through  use  of  rainfall  data,  reservoir  inflow  .aid 
release  rates,  river  stage  ilata,  and  minimui!’  lelease  rates  allowable  at 
the  site.  Maximum  releases  during  flood  jieriods  are  usual  !>•  restricted 
by  the  ability  of  the  downstream  cluuaiel  to  earn-  the  flows.  i>n  the 
{lower  generating  reservoirs,  a rule  curve  and  metliod  of  o]ieration  have 
been  developed  whicli  allow  the  most  adviuit ageous  use  of  the  streamflow 
available  at  each  of  the  respective  sites.  Ihe  water  used  for  [xiwer 
generation  is  also  used  for  other  puiqioses  downstream.  Keluases  for  the 
generation  of  {xiwer  during  flood  periods  are  limited  to  prevent  their 
possible  contribution  to  excess  disdiarges  which  could  result  in  flood- 
ing downstream. 

Diversions . llie  major  diversions  of  water  in  the  region  are  for 
irrigation  and  for  fish  and  wildlife  enlKinceiiKMit . Muiy  of  the  nuiin  ag- 
ricultural areas  rely  on  stream  diversions  to  augment  a deficient  water 
supply  during  the  growing  season.  Ihe  largest  irrigation  withdrawals 
are  made  in  Uld’A's  9,  2,  4,  and  5 (table  IS).  Mijor  crops  irrigated  arc 
cotton  aiwl  rice.  Tlie  use  of  water  for  fish  and  wildlife  enhancement  in- 
volves the  diversion  of  water  into  temjiorary  imiX)undjiK‘nts  during  the 
fall  and  winter  to  serve  as  feeding  areas  for  migratory  waterfowl  and 
the  diversion  of  water  for  fish  i)onds  and  commercial  fish  hatcheries. 

Cliannel  modification  ;md  flood-control  works.  Uwmnel  modification 
and  related  projects  liave  a slgnificajit  effect  on  the  discharge  of  vari- 
ous strcvims  in  the  region.  Most  of  the  iiwdi  f icat  ions  involve  flood  con- 
trol, navigation,  and  conservation,  and  include  levees,  revetments, 
dikes,  channel  shortening  ajid  enlargemcmt , and  dredging.  Ihis  work  is 
undertaken  only  when  tl\e  project  is  proved  to  he  justified  from  an  eco- 
nomic st;mdix)int . 

Principal  ch;mncl  modification  works  in  the  region  include  im]irovc- 
ments  along  the  entire  Icngtli  of  tlie  Lower  Mississippi  River  for  naviga- 
tion and  flood  protection,  riic  work  on  tlie  main  stem  consists  of 
cutoffs  to  shorten  tlie  river  and  reduce  flood  stages,  revetments  to 
stabilize  tl\c  duinnel  and  stop  tlie  river's  meandering,  dikes  to  direct 
flow  and  regulate  cliannel  alignment,  ;md  dredging  to  realign  the 
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clumnel  anJ  provide  necessary  depths  for  navigation.  These  improvements 
are  discussed  in  detail  in  the  channel  improvement  section  of  UTIPA  1. 

Ntijor  tributary  huprovements  consist  of  levx'es,  floodwalls,  pumping 
stations,  storage  resen'oirs,  ch;innel  enlargements,  and  floodways  to 
provide  flood  protection,  navigation,  recreation,  ;md  water  supply 
within  the  tributary  basins.  Work  in  the  upjier  part  of  the  region  con- 
sists of  the  operation  and  ntiintenance  of  the  W'appapello  Dajn  and  Lake 
and  levee  and  chantiel  improvement  ivorks  in  the  St.  Francis  River  Basin 
in  Arkaitsas  and  Missouri,  the  Obion  ;md  Forked  Deer  Basins  in  Tennessee, 
and  the  White  River  iiasin  in  ArLinsas.  The  White  River  Back'water  Levee 
and  Graham  Burke  liimping  I’hmt  sen'e  to  protect  about  145,000  acres  of 
alluvial  farmland  from  annmil  flooding  [122J.  A navigation  cliannel  is 
maintained  on  the  White  River  from  the  mouth  to  the  vicutitv  of  Augusta, 
Ark. 


On  the  stre;uus  of  the  central  jvirt  of  the  region,  principal  works 
include  t!\e  mainteirmce  and  operation  of  the  (.kiachita  and  Black  Rivers 
9- foot  navigation  project,  the  multipurpose  Blakely  Mountain  Dam  on  the 
Ouachita  River,  Narrows  Dam  (Lake  Greeson)  on  the  Little  Missouri  River, 
and  DeGray  Dam  ;md  Lake  on  the  Caddo  River.  Work  in  the  Yazoo  Basin  in 
Mississippi  consists  of  the  iiuintenance  ;md  operation  of  four  flood- 
conti'ol  lakes- -Arkabut la,  Lnid,  Sardis,  and  Grenada,  ;ind  downstre;un 
flood-control  and  ch;umel  imjirovements  works  on  the  Yazoo  River  and  its 
tributaries.  L.xtensive  drainage  improvements  have  also  been  completed 
or  are  under  construction  in  the  Boeuf  ;md  Tensas  Basins  in  Arkansas  and 
Louisi;ma  and  the  Big  Sunflower  Basin  in  Mississippi. 

Principal  works  in  the  lower  [virt  of  the  region  include  construc- 
tion of  a system  of  I'lood-control  features,  such  as  levees,  revetments, 
and  fluodways,  below  the  Old  River  which  are  capable  of  safely  passing 
flood  flows  througli  the  area.  Ihis  system  is  discussed  in  the  IVoject 
Design  Flood  and  Floodways  sections  of  Wld’A  1.  Niimerous  small  flood- 
control  works  are  under  constnict  ion  along  with  four  large  hurriciine 
j)rotcct  ion  projects  in  tlie  coastal  areas.  Navigation  work  is  maintained 
on  the  various  passes  of  the  Mississippi  River  at  the  mouth,  along  the 
Gulf  Intracoastal  Watenvay,  and  on  the  Calcasieu  River  below  Lake 
Cliarles  in  soutiiwestern  louisiana. 

I'orecasts . Tlie  River  Forecast  iienter  (RlYi)  of  the  National  Weather 
Service  at  Slidell,  La.,  provides  comprehensiv'e  riv'er  forecasting  and 
warnings  serv'ices  for  the  Lower  Mississippi  Region.  Hie  Rl'C  daily  pro- 
cesses meteorological  :ind  hydrological  information  through  a computer- 
ized model,  obtaining  stage  and  crest  forecasts  at  many  points.  Crest 
forecasts  range  from  a few  hours  in  advance  for  small  drainage  areas  to 
two  to  three  weeks  in  ;idvance  for  downstreiun  points  on  the  major 
strearrs.  Weather  Servuce  River  District  Offices  (RDO's)  in  Cairo,  111., 
Memjihis,  Term.,  I.ittle  Rock,  Ark.,  Jackson,  Miss.,  .'md  Shreveport,  Lake 
Cliarles,  and  New  Orleans,  La.,  are  responsible  for  the  preparation  of 
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preliminary  flood  ivumings  ;md  the  dissemination  of  forecasts  ;md  unm- 
ings  supplied  by  the  Rif';  for  d;jta  collection  for  the  RFC;  and  for  liai- 
son with  other  agencies  to  keep  abreast  of  forecast  needs  ;uid  changes 
in  reseit'oirs,  flood-control  works,  etc.,  that  may  affect  river  stages. 

Streanf low 

Various  periods  of  flow  at  selected  gaging  sites  within  the  Lower 
Mississippi  Region  are  presented  in  this  report  because  of  the  avail- 
ability of  discharge  data  at  the  sites.  The  strcaJiiflow  for  the  avail- 
able period  of  record  at  each  site  was  considered  to  be  representative 
of  the  various  drainage  and  hydrologic  conditions  which  e.vist  in  the 
surrounding  area  and  reflect  regulation  ;md  use  under  1973  levels  of 
development.  At  sites  which  kive  been  recently  regulated  and  at  which 
streamflow  data  were  obtained  from  a jieriod  of  record  too  short  to  be 
statistically  sound,  tlie  flows  were  adjusted  based  on  routings  of  the 
past  flows  at  the  sites  under  regulated  conditions. 

The  selected  sites  were  chosen  to  assist  the  various  agencies  who 
prepare  the  fundamental  appendices  of  this  report  by  providing  detailed 
data  on  each  of  the  streams  of  interest.  Tliis  infonuation  was  also 
compiled  to  serv'o  as  a guide  to  plan  fonnulation  in  satisfying  the  pro- 
jected Vv'ater  needs  in  each  part  of  the  region. 

Measurement  fac  il it  ies . Streamflow  kita  at  102  sites  in  the  region 
were  selected  for  presentation  in  this  appendix.  The  specific  locations 
of  these  sites  are  shown  on  the  map  of  low  flows  at  selected  sites  in 
the  region  in  figure  52  and  on  the  meiin  annuil  runoff  nuips  in  each  UTd’A 
section  and  are  identified  by  the  U.  S.  Geological  Surv'ey  station  num- 
bers which  are  commonly  used  in  the  USGS  annual  publications.  The  sta- 
tions are  numbered  in  a downstream  direction  along  the  main  stem  of  the 
streams,  fhe  full  station  number  may  contain  eiglit  digits,  the  first  of 
which,  or  first  two  if  greater  tlian  nine,  represents  the  part  number  (a 
number  which  is  assigned  to  a large  area  covered  by  one  volume  of  the 
Water  Supply  Pajier  series  published  by  the  USGS)  and  the  remaining  six, 
the  last  two  of  which  are  usually  decimals,  represent  the  specific 
gaging  location.  In  cases  where  the  two  decimal  digits  arc  zeros,  one 
or  both  of  them  may  be  dropped.  Hie  names  of  the  respective  sites, 
along  with  the  station  numl)ers , controlling  agencies,  gage  tkita,  drain- 
age areas,  period  of  records,  mean  flows,  extremes  of  stage  :ind  dis- 
charge, and  other  pertinent  hydrologic  data,  are  given  in  the  "Streiim- 
flow  Summary  for  Selected  Sites”  in  each  WllPA  section.  Hie  mean  annual 
flow  v'alues  are  average  flows  for  the  base  period  at  tlic  selected  sites 
and  reflect  regulation  ;ind  use  under  1973  levels  of  devxlopmcnt . The 
extreme  stage  and  discharge  values  are  obscived  values  for  the  entire 
period  of  record  available  at  the  gaging  stations,  iind,  for  certain 
cases,  may  be  affected  by  regulation,  llie  discharge  values  usuiilly  cor- 
respond to  the  crest  stage  obtained  by  use  of  a recording  gage  or  a non- 
recording  gage  read  at  the  time  of  the  crest.  All  elevations  given 
throughout  this  report  are  in  feet  referred  to  me;in  sea  level. 
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I’ertiiient  dita  on  tlie  Jrainago  area  ;uid  me;ui  ;ui]uial  di^cl!‘'rge  for 
eacli  Uld’A  are  shouii  in  table  14  ;uid  on  the  area-nuioff  dia^r.un  in  fig- 
ure SO.  Isopletlrs  of  mean  aiuiual  ninoff  for  the  region  are  slioun  in 
figure  51.  llic  disciiarge  for  eaeli  Wll'A  represents  the  flow  uhieli  is 
generated  within  tliat  area,  or  tl\e  outflow  of  the  Ultl’A  minus  the  inflow. 
Also  sliowii  in  tliis  table  are  the  approximate  flows  that  would  i>e  avail- 
able 80,  90,  ;md  95  jiercent  of  tlie  time  londer  1973  lev'els  of  develojiment 
and  utilisation. 

Average  discharge  for  tlie  region.  Ihe  me;m  annual  discharge  gene- 
ra ted~wTtTuITTnirToweFTIT7sTsTrpi^^  is  117,380  c.f.s.  Ihc  major 

portion  of  this  flow  is  generated  witliin  IfRl’A's  9,  5,  and  J.  'Ihe  int'an 
annual  flow  whicli  passes  tlirough  the  region  ;uid  is  discharged  into  the 
Gulf  of  Mexico  is  about  071,100  c.f.s.  About  453,000  c.f.s.  is  dis- 
ciiarged  through  tlie  Mississip\)i  River,  18o,500  throvigh  the  Atchafaluya 
River,  and  tlie  remaining  31,500  c.f.s.  through  tlie  trilnitan'  streams 
of  Uld'A's  8,  9,  and  10." 

In  each  IVRl’A  section  (except  WlI’A's  8,  9,  and  10}  a figure  showing 
the  montlily  discliarge  generated  within  the  Uhl'A  is  presented.  Tliis  fig- 
ure presents  tlie  mean  monthly  discharge  generated  within  tlie  area  for 
the  nuixinauii,  mean,  and  minimiun  months,  and  for  monthly  flows  exceeded 
20  and  80  percent  of  the  time.  'Ihese  flows  were  derived  by  taking  the 
respectiv'c  discharge  data  at  key  stations  in  each  area  and  adjusting  the 
data  to  apjily  to  the  area  as  a whole,  for  estimating  inniioses , the  high 
or  low  water  flows  for  probable  occurrences  other  than  20  or  80  iiercent 
of  the  time  may  be  obtained  from  curves  drawn  through  jilots  of  tlie  maxi- 
mum (0  percent),  20  percent,  mean  ( approx  imatel\'  50  jiercent ) , 80  per- 
cent, and  minimiun  (100  percent  duration]  discharges. 

Average  discharge  for  selected  stations.  Ik'tailed  data  on  the 
average  discharge  at  each  of  the  selected  sites  arc  presented  in  the 
Uld’A  sections  of  this  rejiort . Tables  of  mean  flows  liy  months  for  each 
site  are  given  in  the  surface  water  sections.  Ihcse  flows  arc  based  on 
observed  flows  ;uid  arc  given  for  a period  of  record  which  reflects  regu- 
lation and  utilization  under  1973  levels  of  develo]imc'nt . A streamflow 
summary  in  each  Wd'A  section  presents  a list  of  the  selected  gaging 
sites,  the  controlling  agency  and  station  muiilier  at  tlie  site,  the  drain- 
age area  above  the  site,  the  period  of  record  for  which  discharge  data 
were  available,  and  pertinent  stage  and  flow  data  at  the  site. 

Siiecific  details  regarding  the  use  of  the  data  comnon  to  each  Uhl’A 
are  discussed  below  rather  than  in  each  of  the  individual  Uld'A  sections 
of  this  report.  Much  of  the  discharge  infonnation  given  in  the  surface 
water  sections  was  calculated  by  cornimter  analysis  using  discharge  data 
on  magnetic  tajies.  Ihe  II.  S.  Geological  Survey  was  responsible  for  most 
of  the  data  collection  and  the  prejiaration  of  the  nuignetic  tapes,  both 
IISGS  and  Gorps  of  bngineers  computer  jirograms  were  used  to  ;uialyze  this 
data. 


Peak  flow  frequency  curves  for  many  of  the  selected  sites  in  the 
area  are  shown  in  the  IVRi’A  sections.  Iliese  curves  are  a reflection  of 
the  annual  peak  discharge  at  the  stations  and  were  computed  using  the 
leg  Pearson  T)T)e  III  procedure  [6].  No  peak  flow  frequency  curv^es  were 
computed  at  stations  immediately  downstream  from  reservoir  sites  because 
of  the  effect  of  regulation  on  peak  flows.  Curves  were  not  computed  at 
some  sites  because  the  periods  of  record  were  too  short  to  give  a true 
statistical  representation  of  the  peak  flows  at  the  sites. 

Low  flow  frequency  cui-v'es  were  computed  for  most  of  the  selected 
sites  in  the  region  ajid  are  shown  in  the  Wd’A  sections,  ihese  curves 
are  a statistical  repi'esentat ion  of  the  lowest  mean  flows  for  periods 
of  3 to  120  consecutive  days  which  can  be  e.xpected  to  occur  at  the  sites 
for  recurrence  inteivals  from  1 to  50  \ears.  No  low  flow  frequenc)’ 
curv'es  were  computed  at  sites  directly  below  the  resen'oirs  because  of 
the  large  v'ariations  in  low  flow  due  to  regulation  of  the  reservoirs. 

At  certain  sites  on  streams  regulated  by  locks  and  dams,  accurate  low 
flow  measurements  were  difficult  to  obtain;  hence,  no  low  flow  fre- 
quency curves  were  computed  at  these  sites.  A sumiiuin'  of  tlic  seven-day 
low  flows  for  10-  and  50-year  recurrence  interv'als  at  selected  sites  is 
presented  in  figure  52. 

The  low  flow  frequency  cun'es  can  be  used  to  deteniiine  the  dejiend- 
able  supply  of  surface  water  without  storage  in  a stream,  fhe  slope  of 
the  low  flow  frequency  cuives  is  a reflection  of  the  geologic  ;ind  hy- 
draulic characteristics  of  the  drainage  area,  ihe  slope  ;md  magnitude 
of  flows  on  the  seven-diiy  cui-ves,  which  are  usu^illy  affected  by  ground 
water  flows,  indicate  the  iimount  of  ground  water  storage  available  to 
sustain  streamflow.  A flat  slope  indicates  that  a relatively  large 
ajnount  of  ground  water  is  available,  and  a steep  slope  indicates  that 
either  a small  iimount  or  no  ground  water  discliarge  is  available  [104]. 

Duration  curves  for  ihiily  flows  at  iiuny  of  the  selected  sites 
within  the  region  are  shown  in  each  of  the  hld’A  sections,  lliese  curv'es 
are  essentially  cujiiulative  frequency  cui-ves  that  show  the  percentage  of 
time  that  specified  discharges  were  equalled  or  c.xcecded  at  the  site  dur- 
ing given  periods  of  record,  lliese  cui'ves  indicate  flow  characteristics 
of  a stream  throughout  its  entire  range  of  discharges,  without  regard  to 
the  sequence  of  occurrence,  ihe  maximum  d^iily  flows  are  listed  on  the 
curv'es  due  to  lack  of  space  required  to  extend  the  curv'es  to  the  zero 
percent  e.xcecxlence  point. 

future  long-te™  flow  [xittems  for  a stre:im  can  be  reliably  pre- 
dicted from  discharge  duration  curves  if  no  unusual  climatological  or 
manmade  changes  occur.  The  curv'es  can  be  used  for  ilirect  comparison  of 
flow  characteristics  of  different  streams  or  of  different  points  on  the 
same  stream  on  a flow  per  square  mile  of  drainage  area  basis.  Ilie 
curves  are  commonly  used  by  water  resources  phmners  as  a guide  to  de- 
fine the  water  availability  at  a specified  site  on  a stream. 


’lue  slope  of  the  duration  curve  is  a quantitative  measure  of  the 
variability  of  the  disdiarge  in  a ])articular  stream.  A flat  slope  on 
the  lower  end  depicts  a well  sustained  flow  or  a stream  witli  a rela- 
tively liigli  yield.  'Hie  overall  slojies  of  the  curves  for  streams  having 
large  low  flow  yields  are  usually  flatter  than  tliose  for  streams  having 
small  low  flow  yields  [105]. 

llic  duration  curves  can  also  reflect  cliaracteristics  of  regulation 
in  a stream.  Regulation  can  be  detected  on  tiie  duration  curves  by  the 
flattening  of  the  curves  in  the  middle  (30-70  percent J exceedence 
ranges,  llie  reservoirs  produce  tliis  ciiange  in  flow  characteristics  by 
reducing  the  peak  flows  and  by  increasing  low  flows  at  the  site  for  a 
large  percent  of  tlie  time,  lias  is  illustrated  by  tlie  duration  cun'os 
for  sites  below  tlie  resci'voirs  in  Kld’A's  4 ;uul  5. 

Dependable  yield  cliaracterist ics  of  streams  in  the  Lower  Missis- 
sippi Region  are  presented  in  tables  in  tlie  Md’A  sections  of  tliis  ap- 
pendix. Tlie  tables  give  tlie  lowest  recorded  nicim  flows  for  periods  of 
1 to  10  consecutive  years,  both  in  absolute  numbers  and  as  a percentage 
of  the  mean  flow  for  tlie  period  of  record.  In  general,  tlie  minimum  meim 
annual  discharge  on  Mississippi  lUver  tributaries  averaged  about  34  per- 
cent of  tlie  mean  annual  flow  and  nmged  from  a liigii  of  84  percent  to  a 
low  of  9 iiercent  of  tiie  mean  annual  flow  at  most  of  the  stations,  lliese 
percentages  do  not  reflect  conditions  on  streams  witli  sliort  periods  of 
record  or  small  drainage  areas. 

'Hie  mean  annual  disdiarge  is  the  ultimate  quantity  of  water  avail- 
able for  use  in  a basin.  However,  pliysical  limitations  of  available 
storage  sites  ;uid  increases  in  natural  losses  tliat  occur  witli  develop- 
ment make  it  impossible  to  obtain  this  quantity  of  water.  In  iiKist  of 
tlie  basins  of  the  Lower  Mississippi  Region,  potential  storage  sites 
which  could  approach  ultimate  storage  development  do  not  exist.  Tlie  de- 
pendable yield  data  presented  in  the  Md’A  sections  ;uid  the  preceding 
paragraphs  indicate  that  the  use  of  the  mean  luinual  flow  to  deteniiinc 
the  total  quantity  of  water  available  is  not  realistic.  Instead,  de- 
pendable yields  from  potential  reservoir  sites  for  prcliminaiy  iilanning 
putqioses  should  he  considered  as  the  lowest  mean  annual  flow  which  oc- 
curred in  the  period  of  record  at  the  site  or  about  the  90  percent  dura- 
tion flow.  Tliese  figures  give  a more  practical  measure  of  the  total 
quantity  of  water  that  could  consistently  be  made  available  for  use  at 
a given  site. 


Variation  in  precipitation  and  discharge.  Variations  in  precipita- 
tion causes  both  long-term  and  seasonal  variations  in  discharge  on  all 
the  streams  within  the  region.  Long-term  variations  in  precipitation 
;ind  disdiarge  at  several  of  tlie  major  selected  sites  in  tlie  region  arc 
shown  in  tiie  KKl’.A  sections.  'Ihc  mean  and  S-year  moving  averages  of  botli 
precipitation  and  discharge  arc  presented  in  tlie  figures,  llic  5-ycar 
moving  averages  were  computed  to  illustrate  the  general  trend  of  the 
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rolationslup  betvvocn  precipitation  ;md  discharge  at  tlie  selected  sites. 

Seasonal  variations  in  mnofl  ;md  strc;uuflow  are  caused  directly 
by  variations  in  rainfall.  Tlie  monthly  discharge  hydrograph  for  the 
region  and  tliose  for  each  KRl’A  depict  tliis  variation.  Tlie  larger  sea- 
sonal flows  in  the  area  usually  occur  during  tlie  months  of  l-'ebnjaiy  to 
May.  This  is  caused  by  the  heavy  winter  and  spring  rains  over  the  im- 
mcvliate  area  and  the  increased  flow  from  meltwater  in  the  neighboring 
regions.  Low  streamflow  usually  occurs  during  July  to  November.  This 
is  generally  attributable  to  the  small  amoiuit  of  rainfall  over  the  im- 
metliate  area  at  this  time  of  year. 

Mow  Velocities 

Infonnat ion  concerning  the  rate  at  which  water  passes  through  a 
reach  of  a stream  is  important  in  detemiining  the  capacity  of  the  stream 
to  assimilate  waste.  Tliis  infomation  is  essential  to  water  resources 
planners  ;uid  industrial  developers  who  are  resiionsible  for  the  economic 
use  of  the  water  in  the  stream  and  to  agencies  concenied  with  the  safe- 
guarding of  the  well-being  of  the  public.  The  flow  velocity  data  arc 
important  in  regard  to  both  domestic  and  industrial  ]»llution,  thcniial 
[lollution,  and  water  quality  factors  related  to  pesticides,  dissolved 
oxygen  content,  and  sediment  transport. 

Time  of  travel  studies  have  been  made  in  KRl’A's  1,  5,  7,  8,  and  9 
on  a total  of  clev^en  streams  in  the  region.  Travel  times  were  deter- 
mined by  timing  tlie  maxummi  concentration  of  a dye  injection  as  it  moved 
downstream  tiirough  a specific  subreacli  of  a strecun  at  flows  which  were 
equaled  or  exceeded  50  to  99  percent  of  the  time.  Tliese  trav'cl  time 
studies  were  used  to  compute  the  average  velocity  in  tlie  subreach  of  the 
stream  for  inteniiediate  and  low  flow  conditions.  In  U'Rl’A  1,  hydro- 
graphic  surveys  were  used  on  the  Mississippi  River  near  Rosedale  and 
Vicksburg,  Miss.,  to  dctcniiine  the  average  velocities.  A summary  of  the 
data  derived  from  the  time  of  travel  studies  is  shown  in  figure  55.  Tlie 
approxhiuitc  reach  of  strcxuii  for  which  the  study  was  made,  tlie  length  of 
tlie  reach,  the  wlocity  of  flow  in  miles  per  hour,  the  average  flow  in 
the  subreach  at  the  time  of  study,  ;uid  the  duration  of  flow  are  pre- 
sented in  the  figure.  The  velocities  shown  in  figure  53  arc  for  a spe- 
cific discharge,  and  since  velocity  varies  with  dischai'gc,  the  user 
should  be  cautious  in  applying  these  data  to  luiy  other  condition  of 
flow.  The  velocities  represent  the  average  velocity  through  a subreach; 
however,  velocities  can  vary  from  point  to  point  within  a subreach.  The 
1 velocities  given  for  U'Rl’A's  1,  5,  8,  and  9 were  derived  from  preliminary 

studies  ;uid  arc  subject  to  revision,  whereas  those  for  Khl’A  7 were  ob- 
tained from  ]iubl  ished  reports  [74].  No  low  flow  velocity  data  v\'erc 
available  for  streams  in  any  of  the  other  \vRIT\'s. 

River  Profiles 

River  profiles  of  selected  stre;uns  in  the  Lower  Mississippi  Region 
are  presented  in  the  U'Rl’A  sections.  These  jirofiles  were  constmeted 
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from  tO[x\i;raphiL  iiuips  and  data  from  available  ivi'ort^  1101,  13(),  l.vH|. 
i'>n  most  ol  tlio  prolilos,  tiio  50  jK'roent  duration  Ilou  lino  uas  plottcxi 
from  duration  data  at  various  stations  along  tlio  stixauiis.  Profiles  of 
legulated  stre;uns  also  show  the  navigation  looks  and  d;uiis  and  their  re- 
spective [xiol  stages. 


hater  gHiality 

1 nt  rodiK  t ion 

I.arge  quantities  of  surface  water  of  good  quality  are  available 
regional  1'.';  liowever,  significant  water  qualit)'  problems  exist  in  some 
i)bice.''  in  tile  region,  fhe  dissolved-sol  ids  concentration  of  water  from 
most  streimis  genei'ally  is  less  tluui  5011  mg/1  (mi  1 1 igixuiis  per  liter), 
and  only  tiiree  streams  s;impled  contained  dissolved  solids  greater  than 
1,000  mg/ 1 . 

iiie  extent  of  salt-water  intnision  in  all  stre;ims  discliarging  into 
the  tlulf  of  Mexico  has  not  been  ]irecisely  determined;  however,  measure- 
ments on  the  Mississippi  River  since  lOd')  show  that  the  maximimi  extent 
of  salt-water  intrusion  occurred  in  (Vtober  1059.  flie  intnision  ex- 
tended IdO  river  miles  from  the  llulf  to  a iwint  approximately  15  miles 
u|)streiun  from  New  Orleans,  ha.  During  this  period  the  river  discliarge 
was  low,  ranging  from  75,000  to  90,000  c.f.s.  for  50  consecutive  ilays. 

Water  temperatures  of  tlie  Mississ ipiii  River  near  St.  franc isvi  1 le, 
ha.,  range  from  54°  to  88°  1'.  Since  1954,  tlie  temperature  was  evpial  to 
or  less  tluui  82°  f 95  percent  of  the  time,  and  equal  to  or  less  tluui 
t>4°  f 50  percent  of  the  time. 

Water  in  streiuiis  during  periods  of  low  flow  is  iiuiinly  groiuid  water 
discliarge.  Consniuent  ly , the  chemical  quality  of  surface  water  at  low 
flow  is  similar  to  the  chemical  quality  of  the  groiuid  water.  The  chemi- 
cal characteristics  of  this  water  are  related  to  the  chemical  composi- 
tion :uid  solubility  of  the  rocks  in  the  drainage  basins  and  the  length 
of  time  that  the  water  lias  been  in  contact  uitli  the  rocks. 

Use  ;uid  reuse  of  water  for  irrigation  in  some  areas  has  resulted  in 
a general  downstreiuii  increase  in  the  dissolved-sol  ids  concentration  of 
some  streams.  Deterioration  of  the  chemical  quality  of  surface  water 
supplies  occurs  in  ;uid  around  major  industrial  and  municipal  complexes. 

Sediment  is  a water  quality  problem  in  many  parts  of  the  region  and 
adversely  affects  uses  of  water  for  municipal,  industrial,  agricultural, 
fisheiy,  recreat ional , and  aesthetic  uses.  Additional  infonnation  on 
water  quality  and  sediment  and  erosion  can  be  obtained  in  Appendix  I.  ;uid 
•Alil'endix  S,  respectively. 


Tetir[ierature 

Streajns  of  the  Lower  Mississippi  Region  exJiibit  a diaracter ist  ie 
seasonal  curve  following  closely  the  mean  air  tenTjierature  seasonal  vari- 
ation, with  the  highest  mean  monthly  water  ten^ierature  of  80°  to  85°  L 
usually  in  August,  and  the  lowest  mcxms  of  40°  to  58°  I-  occurring  in 
January.  For  the  region  near  the  (iulf,  mean  temperature  may  he  slightly 
higher,  ;md,  for  the  northern  jiart  of  the  region,  sliglitly  lower  tluni 
those  stated.  Figure  54  shows  nmges  in  water  temperature  in  selected 
streams.  In  general,  siniuner  water  tcmtieratures  on  small  stre;mis,  sift 
strciuiLs,  :md  those  shaded  hy  vegetation  ;md  woods,  will  he  lower  than 
the  temiieratures  Vvhich  prevail  on  the  larger,  slower  flowing  streans 
well  ex[x)sed  on  the  valley  floor.  Much  of  a stream  temijcrature  gain  is 
caused  hy  solar  radiation,  and  high  values  of  turhidity  cause  this  heat 
gain  to  he  localized  in  the  near-surface  layers.  In  slow  moving  or 
stagnant  streams,  tliese  high  temperatures  stimulate  the  growth  of  taste- 
and  odor -producing  orgajiisms  which  compoimd  water  use  prohlems. 

Drastically  chmiged  temiK'ratures  in  strejuns  helow  newly  installed 
d' ,!is  can  he  a considerable  problem  for  fisli  and  water  oriented  wildlife 
managers.  To  comjiensate  for  this,  some  method  of  temiierature  control 
for  outflows  imist  be  planned  in  the  design  stage,  such  as  multilevel 
[X)rted  intake  towers  on  outlet  conduits  which  allow  a mixing  in  order 
to  obtain  beneficial  teiiqieraturcs  in  the  clKUinels  and  stixxims  tx?low  the 
outlet  works. 

Cold  water  temperatures  are  seldom  a problem,  esjiecially  in  the 
lower  part  of  the  region  where  helow  freezing  temjieratures  are  of  sucli 
short  duration  that  flowing  stre:uiis  rarely  are  frozen.  Below  (iairo, 
111.,  ice  floes  from  the  upper  rivers  imjiede  river  traffic  only 
infrequently. 


Sedimentation 

llie  rate  of  erosion  imd  the  cunoiuit  of  sediment  carried  hy  streams 
have  been  influenced  hy  changes  in  land  use  ;md  agricultural  practices 
in  the  Lower  Mississippi  Region.  Tlie  rate  of  sedimentation  can  he  con- 
trol Ic'd  ;ind  decreased  to  a certain  extent  !iy  the  use  of  wise  land  ;md 
water  management  practices,  hut  can  never  he  eliminated. 

Tlie  overall  problem  of  sedimentation  in  the  l,ower  Mississippi  Re- 
gion is  a closely  related  derivative  of  the  prohlems  of  land  surface 
erosion,  channel  hank  erosion,  and  clvnuiel  scouring.  Hie  problem  of 
l;ind  surface  erosion  is  considered  to  lic  a land-resources  relatcxl  jiroh- 
lem  I'lnd  is  discussed  in  further  detail  in  Appendix  S,  Sediment  and 
lirosion.  Problems  relating  to  sediment  transportcxl  hy  stre;uns  ;md  sedi- 
ment in  reservoirs  are  discussed  in  the  following  topics. 
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Figure  54.  Ranges  in  Temperature  of  Water  in  Selected  Streams 
for  Periods  Indicated 
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Sodiiiiont  in  Stre:uns 

Sediment  is  trans]X)rted  in  stre;uiis  ;is  suspended  load  or  as  lied 
load.  The  suspended  load  is  composed  oT  very  line  clay,  silt,  or  s;md 
jiarticles  whicli  are  held  in  suspension  hy  colloidal  suspension  or  by 
the  turbulence  of  the  flowing  water.  Tlie  coarser  particles  iiuiy  also  be 
caiTied  along  as  suspended  imiterial  or  imiy  lie  moved  along  the  liottom  and 
transixirted  as  bed  load.  The  bed  load  of  tbe  stre;im  is  comiKised  of  par- 
ticles wliich  are  removed  from  tlie  stre;imbed  by  tlie  friction  of  tlie  flow- 
ing water  and  are  rolled  or  skiiijied  duwnstre;im  along  the  bottom  of  the 
strecuii.  file  sice,  shape,  and  densiti  of  the  streambed  material,  streiun 
velocity  ;uid  turbulence,  ;md  water  temiierature  are  factors  wliich  deter- 
mine the  lunount  of  bed  load  which  a streiuii  iiuiy  lie  capable  of  carrying. 

Flow  conditions  in  a streiun  have  a significant  effect  on  the  luiiount 
or  concentration  of  sediment  carried  by  the  streiun.  During  periods  of 
low  flow,  sediment  concenti'at  ions  are  usual  1\’  low  ;uid  change  little  from 
day  to  day.  However,  during  periods  wlien  streiunflows  are  increased  by 
the  addition  of  surface  runoff  containing  newly  erodeu  material,  the 
sediment  concentration  may  increa>e  rapidh'. 

One  of  the  imijor  sedimentation  probleias  in  the  region  is  the  for- 
iiuit  ion  of  bars  or  "crossings"  on  the  Mississippi  River,  which  often 
results  in  imped<.\l  river  traffic.  Hiese  "crossings"  occur  wliere  the 
stream  current  crosses  from  one  side  of  the  river  to  tlie  other  ;uid  de- 
[xisits  sand  to  fonii  the  bars.  Hie  depth  at  the  crossing  deteniiines  the 
navigation  depth  available  on  the  river.  I'hese  crossings  are  dredged  in 
order  to  maintain  a 9-foot  navigation  clwuinel  between  (.'airo.  111.,  ;md 
Baton  Rouge,  l,a.  Tlie  ixxiuired  dredging  in  this  reach  of  the  river  usu- 
ally nmges  from  about  30  million  to  ’'()  million  cubic  vards  per  vear 
11521. 

Due  to  the  large  variations  in  sediment  concentration  and  bed  load, 
the  collection  of  sediment  data  over  a long  period  of  record  is  often 
rerpiired  to  define  the  average  annual  sediment  yield  from  a basin.  How- 
ever, data  covering  only  a few  years  of  record  arc  often  useful  in  pre- 
dicting a value  for  the  long-tenii  sediment  yield  in  basins  where  sedi- 
mentation is  a problem.  Shown  in  tables  l(i  througli  20  are  sediment  data 
wliich  were  available  for  stations  along  the  Mississippi,  Atchafalaya, 
mid  Re\l  Rivers.  No  sediment  data  were  readily  available  for  ;uiy  of  the 
other  major  strcmiis  in  tlie  rc'gion. 

Reservoir  Sc-d  imentat  ion 

A major  purjiose  of  many  of  the  major  resen’oirs  or  man-made  lakes 
in  the  bower  Mississipjii  Rc'gion  is  the  storage  of  flood  waters  during 
the  wet  season  and  release  of  the  water  during  critical  dry  periods. 

Mien  a lake  is  constructed  to  store  the  water  of  a flowing  stream,  the 
imnicxliatc  dcstniction  of  its  storage  capacity  by  means  of  sediment  depo- 
sition begins.  ;\s  the  muddy  waters  of  the  flowing  stream  enter  the  res- 
erv'oir  ;md  the  velocity  decreases,  the  sediment-carrying  capacity  of  the 
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uater  Jocreasos , and  the  sediment  liei;ins  to  settle  to  the  bottom  of  the 
lake.  A continual  accimiulation  of  the  sediment  deposits  tends  to  de- 
crease the  capacit)'  of  tlie  lake  for  storinj;  vuiter.  The  sediment  contin- 
ues to  distribute  itself  evenly  tliroughout  tlie  lakebed  ;uid,  tlierefore, 
is  not  visible  from  the  surface  of  the  lake.  Hence,  nuich  of  the 
capacity  of  the  lake  for  storinj;  water  can  lx.'  lost  to  sediment  acciunula- 
tion  althouyli  no  problems  iiuiy  seem  to  be  apparent,  for  this  reason,  tlie 
necH.1  for  frequent  reservoir  sedimentation  surveys  is  apparent. 

i’alvle  21  shows  current  data  on  tlie  sediment  studies  made  on  four 
flood-control  lakes  in  IVRl’A  4.  fhese  studies  were  made  to  detennine  tlie 
degree  of  storage  capacity  lost  due  to  sediment  deposition  in  the  lakes. 
Additional  data  for  other  lakes  in  the  region  were  not  readily  available 
for  publication  in  this  appendix. 


Table  21  - Sedimentation  Data  for  Selected  Reservoirs 
in  Lower  Mississippi  Region 


Drainage  area  [square  miles) 

1,000 

1,545 

500 

1,520 

Drainage  area  excluding  rcsenoir 
(square  miles) 

048 

1,454 

510 

1,210 

Total  sediment  deposited  (acre-feet) 

12,258 

20,5(i4 

2,820 

17,577 

Total  years  of  operation  1/ 

21 

21 

10 

12 

Lstimated  50-year  sediment 
deixisit  ion  ( acre-  feet ) 

20,500 

50,000 

5,400 

75,450 

\olimie  of  sediment  per  year 
(acre -feet ) 

500 

008 

287 

1,470 

Volume  of  sediment  jier  year  jier 
.square  mile  (acre-feet) 

0 . (i2 

O.bO 

0. 50 

1.21 

Percent  of  total  storage  lost 

2.55 

1.51 

0.45 

1 . 50 

1/  At  time  of  study  iliHib). 
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GliOLOGY  /\ND  GROUND  U'ATDR 


Geology 


I'he  geologic  units  exposed  in  the  Lower  Mississippi  Region  range  in 
age  from  Frecainbrian  to  Holocene;  however,  most  of  the  region  is  blan- 
kete<.l  by  Quaternary  deposits.  Immediately  underlying  the  Quaternary 
dejxjsits  in  the  northeiTi  part  of  the  region  are  scattered  subcrops  of 
rocks  of  I’aleozoic  age  ;ind  limited  areas  of  Gretaceous  sediments;  else- 
where, the  underlying  sedunents  are  of  Tertiary  age  (figure  55). 


In  the  northern  part  of  the  region,  the  dip  of  the  beds  generally 
is  toward  the  axis  of  the  Mississippi  emba\-ment  svTicline.  In  the  cen- 
tral part  of  the  region,  the  direction  of  dip  of  the  beds  ch;inges  grad- 
Lcilly  as  a result  of  the  regional  structure,  and  in  southeni  Mississippi 
and  Louisi;ma  the  dip  is  toward  the  axis  of  the  Gulf  Goast  geosyncline 
(figure  5b).  Structural  features  such  as  the  Monroe  uplift  and  Jackson 
dome  have  affected  the  dip,  thickness,  :md  physical  character  of  the 
beds.  Generally,  the  lx?ds  thicken  down  the  dip  aid  attain  their  iitcxunum 
thickness  in  the  areas  of  greatest  subsidence.  I'he  stratigraphic  aid 
stnactural  relations  of  the  geologic  units  arc  shovui  in  figure  57  aid 
table  22. 


Sediments  of  Jui'assic  age,  wiiich  occur  only  in  the  subsurface  of 
the  southern  part  of  the  region,  are  the  oldest  known  post -I’aleozoic 
rocks  in  the  region.  .-Xs  subsidence  continucxl,  sediments  of  Cretaceous 
age  were  dejiosited  successively  farther  north  to  a point  above  the 
present  confluence  of  the  Mississippi  and  Ohio  Rivers.  During  the  ier- 
tiary  and  Quaternary  Periods,  subsidence  in  the  area  that  had  become  the 
Mississippi  embayment  diminished,  subsidence  of  the  Gulf  Goast  geosyn- 
cline began,  ;md  the  cyclic  advances  of  the  sea  tcnninatcxl  progressively 
farther  southward.  I'he  last  major  advance  of  the  sea  into  the  northern 
part  of  the  Mississippi  emhavinent  probably  occurred  during  the  late 
llocene. 


Since  the  beginning  of  the  Miocene,  tremendous  quantities  of  sedi- 
ments have  been  deposited  in  the  subsiding  iiulf  Goast  geosincline.  Dur- 
ing Pleistocene  and  Holocene  time,  the  Mississippi  River  Valley  was 
entrenched  and  alluviated.  I'he  Qiviternary  deposits  now  filling  the  Mis- 
sissippi River  Valley  are  underlain  liy  the  subcrop  of  the  older  rocks. 

Oi  the  west  side  of  the  valley,  Paleozoic  rocks  and  sediments  of  Gre- 
taceous age  underlie  the  Quaternaiy  deposits  near  the  periphery  of  the 
Coastal  Plain.  Llsewhere,  the  Ijuatematy  deposits  are  underlain  mostly 
by  Paleocene,  hocene,  and  Miocene  rocks. 

Precamhrian  and  Paleozoic  Rocks 

The  Mississippi  embavinent  of  the  Gulf  Coastal  Plain  was  fomied  in 
a .subsiding  trough  in  the  rocks  of  I’aleozoic  age  which  now  tound  the 
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coastal  plain  at  the  fall  line.  In  the  area  included  in  this  report. 
Paleozoic  rocks  are  exposed  only  in  Arkiinsas  and  Missouri;  however, 
these  rocks  are  the  "basement  rocks"  underlying  the  northem  part  of  the 
region  (figure  55).  In  the  [xirts  of  .-Xrkansas  and  Missouri  that  are  out- 
side the  Gulf  Coastal  Plain,  the  exposed  rocks  range  from  Cambrian  to 
Pennsylvanian  in  age.  Precambrian  rocks  arc  exposed  in  the  St.  Francois 
Mountains  in  Missouri  [159]. 

.\lcso2oic  Rocks 

'llie  oldest  knoun  Mesozoic  rocks  occur  in  the  subsurface  of  the 
Lower  Mississippi  River  Region,  are  of  Jurassic  age,  and  underlie  south- 
ern Arkansas,  central  and  southern  Mississippi,  and  Louisiana.  (.X'erly- 
ing  the  Jurassic  rocks  and  extending  somewhat  farther  north  are  rocks  of 
the  Lower  Cretaceous  Series.  Lower  Cretaceous  rocks  are  exposed  only  in 
Pike  County,  Ark. 

The  Upper  Cretaceous  Series  underlies  most  of  the  region.  Although 
there  are  extensive  exposures  of  Upper  Cretaceous  rocks  in  the  Missis- 
sippi emba>inent,  exposures  in  the  study  area  arc  restricted  to  a few 
counties  near  the  boundaries  of  the  area  in  Arkansas,  i^Iississippi , Mis- 
souri, and  I'ennessee. 

Cenozoic  Rocks 

Most  of  the  sediments  now  exposed  in  the  Lower  Mississippi  Region 
were  deposited  during  the  I'ertiary  and  Quaternary  Periods.  Hie  Tertiary 
Period  was  characterized  by  repeatexJ  invasions  and  regressions  by  the 
sea  and  the  sediments  are  on  alteriviting  series  of  sand  and  clay  strata 
of  continental,  deltaic,  and  marine  origin.  I'ert  iar>-  rocks  comprise  the 
Paleocene,  Locene,  Oligocene,  Miocene,  and  Pliocene  Series.  Ihe  most 
extensive  deposits  belong  to  the  liocene  and  Miocene  Series. 


Occurrence  of  Ground  Water 

Fresh  ground  water  in  the  Lower  Mississippi  Region  occurs  princi- 
pally in  the  unconsolidated  sediments  composing  the  Cretaceous,  Terti- 
ary, and  Quaternary  units;  hovvever,  water  is  available  from  Paleozoic 
ai)uifers  where  they  are  exposed  or  underlie  \’ounger  rocks  in  the  north- 
ern part  of  the  region.  In  those  parts  of  the  study  region  outside  the 
Gulf  Coastal  Plain,  the  Paleozoic  aquifers  are  the  principal  source  of 
ground  water. 

L.-irge  volumes  of  fresh  \J  ground  water  are  stored  in  permeable 
:■«  1 . underlying  the  Lower  Mississippi  Region,  'llic  average  volume  in 


:ont. lining  less  than  1,000  mg/1  of  dissolved  solids  is  clas- 
t resh . 
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storage  in  ac|uil'ers  is  estiiiuited  to  be  aliout  75,1)00  acre- beet  per  square 
mile,  or  a total  of  about  '',500  million  acre-feet,  a quantity  sufficient 
to  cover  tlie  100,000-square-mile  area  to  a depth  of  about  120  feet.  ;\n 
even  larger  volume  of  water  is  stored  in  fine-grained  sediments  (clay 
;md  siltj  which  have  higli  porosity  luit  ver>'  low  iiemieabil  ity.  Only  a 
small  part  of  this  stored  water  c;m  Ix'  witlidrawn  using  conventional 
methods . 

Aquifers  are  classified  as  confined  cuid  imconfined  aquifers.  Con- 
fined (artesian)  aquifers  are  boiuideti  above  and  lielow  In'  beds  of  lower 
pemeability  than  tliat  of  the  aquifer  itself.  IJnconfined  (water  table) 
aquifers  are  characterized  by  a free  water  table  and  are  not  confined 
LUider  pressure. 

The  more  prolific  ajul  extensive  aquifers  are  the  i>enneable  sand  ajid 
gravel  beds  in  the  imconsol i dated  sediments.  Water  from  j^recipitat ion 
moves  into  tlie  subsurface  wiiere  these  beds  are  exposed,  lixeept  in  the 
outcrop  areas,  tlie  water  is  confined  in  these  aquifers  under  artesimi 
conditions.  The  altitude  of  tlie  water  table  in  tlie  uphuid  outcro[i  areas 
provides  sufficient  liydraulic  head  to  move  water  througli  some  of  tlie 
aquifers  to  depths  as  great  as  5,500  feet,  thereby  displacing  or  "flush- 
ing" the  connate  saline  water. 

fhe  unconsol i da teil  aquifers  are  irregular  in  thickness  and  lithol- 
ogy, exhibiting  extreme  variations  in  the  capability  of  storing  and 
tnuismitting  water.  Some  individual  aquifers  underlie  many  thousiuids 
of  square  miles,  and  water-bearing  characteristics  vary  according  to 
chiuiges  in  thickness  and  peniieabi  1 ity , Hydraulic  interconnection  of 
aquifers  is  not  uncommon,  and  groups  of  aquifers  may  fonii  aquifer  sys- 
teiiLs  that  are  not  necessarily  restricted  to  a single  geologic  unit. 

Consolidated  rocks  foniiing  the  Paleozoic  aquifers  arc  water  Ixiaring 
due  to  [irimary  porosity  or  secondaiy  porosity.  Uliere  rocks  have  not 
been  subjected  to  extensive  compaction  or  defomiation,  as  in  the  Ozark 
Nbiuitains  of  Missouri,  groiuid  water  occurs  in  peniieable  zones  ;uid  in 
solution  openings  (secondary  porosity).  Tectonic  disturlxuiccs  may  re- 
sult in  compaction  of  consolidated  rock  to  the  degree  that  (iriman-  po- 
rosity is  destroyed  ;uid  ground  water  coiimionly  occurs  in  Joints  luid 
fractures,  as  in  the  (Xiachita  .\biuitains  of  Arkansas. 

W'itii  the  exception  of  some  aquifers  having  solution  oiienings, 
consol  i da  ted -rock  at(uifcrs  are  generally  lower  yielding  th;ui  aquifers 
in  unconsolidated  rocks. 


Movement  of  (Iround  Water 

Ground  water  moves  from  points  of  recharge  to  ()oints  of  discharge. 
In  water  table  aquifers,  the  direction  of  movement  is  generally  related 


to  topography.  The  movement  in  artesian  aquifers,  more  complex,  is  con- 
trolled by  the  strike  and  dip  of  the  aquifer,  changes  in  pemeability  in 
the  aquifer,  and  the  locations  of  recharge  and  discharge  areas.  Gener- 
ally in  the  Lower  Mississippi  Region,  the  deeper  aquifers  in  a giv'en  lo- 
cality crop  out  farther  inland  and  at  higher  altitudes  tlu'in  do  the  shal- 
lower aquifers;  as  a result,  they  conmonly  have  higher  artesian  heads. 

In  the  northeni  part  of  the  Lower  Mississippi  Region,  the  natural 
movement  of  ground  water  in  the  cretaceous  ;md  Tertian’  aquifers  was 
toward  the  axis  of  the  Mississippi  emlnuTnent . Water  moved  from  upland 
recharge  areas  to  areas  of  ivitural  discharge  in  the  Mississippi  Alluvial 
Rlain.  In  Louisiana  and  southwcsteiTi  Mississippi,  the  regional  ground- 
water  movement  was  soutliward  toward  the  Gulf  of  Nlexico.  Hydraulic 
gradients  originally  were  low,  probably  less  than  2 feet  per  mile. 

The  regional  movanent  of  water  in  the  Mississippi  River  Valley 
Alluvial  aquifer  was  and  is  southward  except  in  t)ie  vicinity  of  larger 
streams.  The  liydraulic  gradient  was  probably  1 foot  per  mile  or  less, 
or  about  the  sane  as  the  slope  of  the  surface  of  the  alluvial  plain. 

fhe  liistoric  direction  of  movement  in  i;uiny  aquifers  is  now  altered 
considerably,  even  reversed,  in  areas  where  large  quantities  of  ground 
water  are  being  withdrawn. 


Aquifers 

Aquifers  in  the  Lov\cr  Mississippi  Region  are  in  rocks  ranging  ui 
age  from  Gambrian  to  Holocene.  General  1>’,  tlie  high  yielding  aquifers 
are  in  the  Cretaceous  and  younger  deposits  in  the  Gulf  Coastal  Plain. 
Aquifers  in  the  uplands  of  Arkansas  and  Missouri,  outside  the  Coastal 
Plain,  are  in  consol idiitcd  rocks  that  range  in  age  from  Precambrian  to 
Penns yl van i;ui.  In  the  Coastal  Plain,  water  is  obtained  from  Paleozoic 
rocks  where  they  underlie  Cretaceous  rocks  at  shallow  depths. 

fhe  highest  vields  of  ground  water  arc  obtained  from  sand  and 
gravel  aquifers,  especially  the  alluvial  and  terrace  deposits  of  Quater- 
nar\'  age.  Some  limestone,  dolomite,  and  chert  aquifers  of  Paleozoic  age 
are  capable  of  large  yields  to  wells;  however,  much  of  the  region  out- 
side the  coastal  plain  is  underlain  by  low  yielding  sandstone  and  shale. 

Aquifers  containing  fresh  ground  water  underlie  the  entire  region 
e.xcept  in  part  of  the  coastal  area  of  I,ouisiana  and  a simill  area  m 
central  Louisiana.  In  some  areas,  fresh  water  extends  to  depths  of  more 
tlKUi  5,000  feet  and  in  other  areas  to  less  than  100  feet  (figure  58). 

It  is  not  uncommon  for  saline  water  to  occur  at  intennodiatc  depths, 
underlain  by  fresh-water  aquifers.  Two  or  more  major  aquifers  underlie 
most  localities  in  the  region,  offering  a choice  for  meeting  require- 
ments of  quantity  or  quality. 
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Pa  1 oo:o  ic  Aqu i t'crs 

Water-near iug  Paleozoic  rocks  luiderlie  tiuise  areas  of  tlic  Li'cet- 
Mississippi  Region  outside  the  dulf  (.ioastal  Plain.  Die  area-^  are  in  t)ie 
Arkimsas  Valley  ;uui  tXiacluta  Nloiuitains  in  Arkan.-as,  and  in  the  Ozark 
Plateau  in  Missouri. 


In  the  Arkansas  Valley,  rocks  of  Pennsy Irani ;ui  age  are  > aiuhU  of 
yielding  only  a few  gallons  per  minute  [gjim)  to  small  wells.  Water  iiual- 
ity  varies  considerably  from  place  to  place. 

droiuid  water  in  tlie  Ouachita  Ikxuitains  occuis  in  joint'',  fiactures, 
and  bedding-plane  separations,  principally  in  sandstone  units.  Wells 
commonly  yield  less  tiian  10  gpm  and  are  capable  of  meeting  lajiii  remeiits 
for  domestic  and  stock  water. 


In  Missouri,  that  part  of  tiie  Ozark  Plateaus  included  in  the  l.ower 
Mississippi  Region  is  underlain  by  several  aquifeis  in  Oimibrian  aiul 
Ordovician  rocks  [1591.  only  aquifer  capable  of  large  yields  is  tlie 

Potosi  Holomite,  capable  of  yielding  more  tlvui  1,IH)()  gpm  to  large,  deep 
wells  in  some  localities.  The  Potosi  general  !>■  \ ields  good  iiuality  hard 
water  that  has  a dissolved-sol  ids  content  of  less  than  .500  mg/1. 

Areas  where  wells  tap  rocks  of  Paleozoic  age  tliat  luiderl  ie  foastal 
Plain  deposits  are  .Jackson,  l.onoke,  and  White  Coiuities,  Ark.;  \lconi 
Ooimty,  Miss.;  and  all  or  part  of  Bollinger,  Butler,  liape  Oirardeau, 
Scott,  ;uid  Stoddard  Coiuities,  Mo,  In  Alconi  County,  .'liss.,  a chert  of 
Paleozoic  age  j'ieKls  about  5 mgd  for  municipal  and  industrial  "upplies 
|"Z];  elsewhere  in  the  Coastal  Plain,  the  I’aleozoic  aquifers  are  cliarac- 
terized  by  low  yields. 

Ihe  Paleozoic  chert  in  Alconi  Countv,  Miss.,  yields  as  i;iucli  as 
800  gimi  to  municipal  ;uid  industrial  wells  at  Corinth,  itesults  of  aqui- 
fer tests  sliow  coefficients  of  transmissilD  1 ity  Z/  ranging  from  15,000 
to  40,000  g|)d  jier  foot  |“1),  Water  from  the  ac]uTfer  is  a moderately 
iiard  sodiion  bicarbonate  type  containing  about  500  mg/1  of  dissolved 
so  1 i ds . 


Cretaceous  .Aqu  i fers 

•Aciuilers  ol  Cretaceous  age  underlie  tlie  nortliern  iiart  of  tlie  l.ower 
Mississippi  Region.  Of  tlie  Cretaceous  luiits,  onl>'  the  Ripley  loniiation 
and  its  equivalents  (the  Mc.Nairy  Sand  raid  Nacatocli  Sandl  fom  a major 
aquifer.  Other  cretaceous  aquifers  are  significant  because  they  are  the 
best  or  the  only  sources  of  significant  supplies  of  groiuid  water  in  some 


^/  The  (I,  S.  ecological  Suney  now  uses  the  temi  tran.smissivity  as  an 
index  of  the  ability  of  ;ui  aquifer  to  tran.smit  water.  Iran.smissiv- 
ity,  expressed  in  cubic  feet  per  day  per  foot,  is  cxiuivalent  to 
tnuismiss iiii  1 ity  divided  by  7.481,  the  number  of  gallons  in  a cubic 
loot . 
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I areas.  The  eretaeeous  aquifers  are  not  utilized  extensively  due  to  the  i 

I ava i lahi 1 i tv  of  yroimd  water  in  shallower  aquifers. 

1 llie  Llretaeeous  aquifers  in  tlie  reition  are  tiie  tiordo  ;uid  l.utaw  For- 

mations, t'offee  ,S;md,  and  the  Ripley  Foniiation.  llie  l.utaw  yields  liighly 
( mineralized  water  in  part  of  Udd’A  4 ;uk1  the  present  trend  is  to  develoji 

water  supplies  at  greater  deptli  in  the  (iordo  Foniiation,  wiiieh  contains 
fresher  water. 

file  tioi’do  I'oniiation  tfiyure  59)  is  a source  of  groiuwl  water  in  the 

nortlieastern  part  of  IVld’A  4 where  it  is  the  only  aquifer  capable  of 

yielding  enough  fresli  water  for  public  or  industrial  supplies.  I'he  ur- 
gent iteed  for  water  has  resulted  in  wells  iK'ing  ilrilled  to  depths  of 
over  d,00U  feet  in  Calliovui  and  Webster  f.oimties.  Miss.  [10]. 

The  yields  of  wells  made  in  tlie  s;md  and  gravel  of  tlie  tiordo  Foniia-  | 

t ion  range  from  about  100  to  500  gpm.  In  the  l,ower  Mississippi  Region, 

transmissibil it ies  range  from  low  to  about  14,000  gpd  per  foot  and  tlie 
average  jieniieabi  1 ity  V is  about  500  g]xi  per  square  foot. 

Water  from  the  tiordo  is  of  fair  to  [xior  quality  in  the  region.  Tlie 
dissol ved-sol ids  content  ranges  from  500  to  1,000  mg/1 ; howevi-r,  the 
water  generally  does  not  rcxiuire  treatment. 

The  Coffee  S^md  (figure  59)  contains  fresh  water  in  the  north-  ' 

eastern  part  of  WRl’A  4 and  the  southeastern  part  of  Will"  5.  The  fonna-  j 

tion,  conqiosed  of  varying  proportions  of  sand  and  clav,  is  generally  a ■: 

low-yielding  aquifer.  I’eniiealii  1 it  ies  as  liigli  as  500  gpd  per  square  ' 

foot  :uid  tnuismissibi  1 i t ies  as  high  as  50,000  gpd  jier  foot  have  been  re- 
Iiorted  in  Alcorn  County,  Miss.  172J.  The  largest  reported  yield  for  a 
well  made  in  the  aquifer  is  about  ('00  gjim,  but  most  jiublic  water-supjily 
wells  >'icld  about  J50  gpm. 

Water  from  the  Coffee  S;uid  generally  contains  iron  and  is  a calcium 
bicarlxniate  t>i'e  in  and  near  the  outcrop.  As  the  water  iiKives  down  the 
dip,  it  becomes  a sodiuii  bicarbonate  type,  common!)’  suitable  for  general 
use  without  treatment.  * 

In  Tippah  County,  Miss.,  and  in  several  counties  in  Tennessee,  the 
Coffee  Sand  is  the  best  source  of  ground  water.  It  is  the  only 


V Penneabi  1 ity  has  been  rejilaced  by  the  tenii  hydraulic  conduct  ivit\ ; 
~ both  express  the  rate  of  flow  of  water  through  a 1-foot-square  sec- 

tion of  the  aquifer  umler  unit  hydraulic  gradient.  Penneabi  1 i t\'  is 
cxiiressed  in  gallons  per  day  per  square  foot.  Ibdraulic  conductiv- 
ity is  expressed  in  feet  per  day.  Ihese  jiarameters  are  olitained  by 
dividing  transmissibi 1 ity  or  transmissivity  by  aquifer  thickness  in 
feet. 
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significant  source  of  groimd  water  in  some  areas  where  tlie  lutderlying 
iutaw  ioniiation  is  tliin  or  wiiere  Paleozoic  rocks  are  not  aquifers. 

TIk'  Ripley  I'oniuition  (figure  00)  ;md  its  cx{uiv'alents  or  memlK'rs, 
tlte  NlcNairy  Sand  ;md  the  Xacatoch  Simd,  contain  fresh  groimd  water  in 
an  area  of  nearly  20,000  square  miles,  ihe  >L'\'air>'  S;uid  is  the  most 
extensive  Cretaceous  aquifer  in  the  area,  ihe  luiit  crops  out  in  Alcorn 
and  Tijipah  Comities,  Miss.;  Carroll,  Chester,  ;uid  Mc.N'airy  Counties, 
femi.;  and  immcxliately  to  the  east  of  the  study  area  in  the  remainder  of 
the  Culf  Coastal  Plain  in  Tennessee  and  Kentuck)’.  Tlie  Mc.N'airy  Sajid  is 
e.xposed  in  Missouri  on  Crowleys  Ridge  and  subcrops  beneath  the  Missis- 
sippi River  alluvium,  flie  .Nacatoch  Stmd  crops  out  in  soutliwcsteni 
•Arkansas. 

In  Mississippi  and  Tennessee,  the  Mc.Naiiy  Sand  is  underlain  by 
older  luiits  of  the  Ripley  Poniiation.  In  Kentucky,  tlie  McNairy  Sand  (of 
foniiational  rank)  is  underlain  by  rocks  of  Paleozoic  age.  It  is  over- 
lain  by  the  (Xvl  Creek  Ponnation  in  .Mississipju,  Missouri,  and  Tennessee. 

According  to  Piyor  |8bJ,  the  McNairy  S;md  is  a deltaic  unit  com- 
prising a lower  sand,  a medial  clay,  and  im  upper  simd.  I’he  iqiper  s;md 
is  the  principal  aquifer. 

In  the  south  part  of  KRl’.X  5,  the  McNairy  Sand  dips  westward  at  a 
rate  of  about  SS  feet  per  mile.  Ihe  direction  of  dip  gradually  changes 
to  southwest  in  Kentucky.  Most  of  the  present  utilization  of  the  aqui- 
fer is  in  or  near  tlie  outcrop,  and  wells  are  seldom  more  than  a few  hun- 
dred feet  in  deptli.  Ihe  imixiimmi  depth  for  fresli-water  wells  in  the 
aquifer  ranges  from  about  2,000  feet  in  western  Kentucky  at  the  axis  of 
the  emba>Tiient  syncline  to  about  2,.'S00  feet  in  tiie  Memphis  area. 

The  McNairy  Sand  in  Missouri  crops  out  on  the  northeni  part  of 
Crowleys  Ridge.  It  luklerlies  ;md  is  liydraul  ical  ly  connected  to  the  Mis- 
sissijipi  River  Valley  alluvial  aquifer  to  the  west  ;uid  north  of  Crowleys 
Ridge. 

Withdrawals  from  tiie  Ri[ile\'  I'onnation  and  its  cx|uiv'alents  have  gen- 
eially  been  restricted  to  areas  where  tbe  aquifers  occur  at  shallow  to 
iiKHierate  deptlis.  'Ihe  regional  [wtent iometr ic  surface  is  nearly  unaf- 
fected by  piniiping,  and  the  artesiai  jiressure  is  higli  enough  that  wells 
made  in  the  Mississi[ipi  alluvial  jilain  ;md  in  the  lowhinds  along  stre;ims 
in  westeni  Tennessee  ;uul  Kentucky  will  flow. 

Results  of  aquifer  tests  in  Kentucky  and  I'emiessee  show  coeffi- 
cients of  t ran.smissibi  1 i ty  of  52, OOP  gixl  per  foot  ;uid  25,000  gpd  per 
foot  |15|.  Based  on  these  results,  large  wells  in  the  McNairy  S;md  may 
be  e.\[)ected  to  yield  as  mucli  as  1,.500  gpm  (witli  100  feet  of  drawdown)  at 
favorable  locations  in  the  area. 
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Water  from  present  areas  of  use  in  the  ML'Xairy  S;ind  is  low  in  dis- 
solvc\l  solids  and  is  jAenerally  a calciiDii  liiearbonate  t\^1e.  Tlie 
dissolv(.\l-sol  ids  content  of  tlie  uater  increases  to  tlie  west  and  south, 
becomiiyy  sliylitly  saline  soutliwest  of  a line  extendin;^  from  (iraigliead 
Coiuity,  Ark.,  througli  Mempliis,  Tenn.,  to  tialhoim  Coiuity,  Miss, 

llie  Xacatocli  S;md  in  southwest  Arkansas  crops  out  in  Clark,  Hemp- 
stead, ;md  Nevada  Comities  ;ind  dips  to  the  southeast  at  a rate  of  about 
30  feet  per  mile.  Altliouyh  most  wells  in  tlie  fomation  are  for  domestic 
and  stock  use,  some  municipal  water-supply  wells  arc  reported  to  yield 
as  niucii  as  300  i;iim. 

ilie  results  of  one  pumpiiyc  test  made  in  ilem[)stead  Coimty,  Ark.  [IJl, 
sliow  a coefficient  of  transmissibi  1 ity  of  3,o00  gpd  per  foot.  This 
value  is  probably  representative  for  the  ratlier  limited  area  in  whicli 
tlie  aiiuifer  contains  fresli  water  (figure  00). 

I'ertiaiy  Aigiifers 

'Hie  Tertiary  System  includes  several  ruijor  aquifers  in  tlie  f.ocene, 
Miocene,  and  I’liocene  Series.  Tliese  aquifers  are  separated  from  tiie 
ilretaceous  aquifers  by  several  hundred  feet  of  clay  in  tlie  Midwa\'  Croup 
ami  are  tliemselves  separated  in  most  jilaces  into  two  large  groujis  by  a 
tliick  Lite  Hocene  clay  (tlie  dackson  Croup), 

The  oldest  Tertiari'  aquifers  are  in  the  Wilcox  Croup,  which  crojis 
out  in  the  u]ilands  in  WROA's  3,  I,  and  7 and  in  small  areas  in  the 
northern  part  of  WRI’A  5.  The  Claiborne  Croup  includes  the  Meridian- 
upiK'r  Wilcox  aquifer,  Carrico  S;uid,  Sparta  Sand,  Cockfield  1-oniiation, 
and  minor  aquifers  in  or  e<.iuivalent  to  the  Cane  River  T'onuation.  The 
forest  Hill  Sand  and  Vicksburg  Croup,  of  til igocene  age,  are  minor  aqui- 
fers that  are  limited  in  areal  extent  and  water-bearing  cajiacit)'.  The 
Miocene  Scries  includes  the  Catahoula  Sandstone  and  the  Hatt iesluirg, 
Pascagoula,  ;uid  I'leming  I'onnations  (for  this  study,  all  except  the 
Catahoula  Sandstone  are  classified  as  luid i f Cerent iated  Miocene  or  Upper 
Miocene  deiiosits).  Miocene  aquifers  crop  out  in  the  southern  part  of 
WRI’A's  4 and  7 and  in  a small  area  in  Wlll’A  9.  Much  of  the  Miocene  out- 
crop is  covered  by  qXiaternaiy  di'posits.  The  Pliocene  Series  overlies 
the  Miocene  in  houisiana  and  is  in  turn  overlain  by  Quaternary  deposits. 

Ihe  Wilcox  Crouji  includes  the  lower  Wilcox  aquifer  and  minor  aqui- 
fers in  the  middle  and  upjier  parts  (figure  Oil.  The  lower  Wilcox  aqui- 
fer contains  fresh  water  in  WRPA's  2,  3,  4,  ;uul  7.  Irregular  sand  beds 
in  the  middle  and  upper  jiarts  of  the  group  contain  fresh  water  in 
WRI’A's  2,  4,  5,  and  C-. 

The  lower  Wilcox  aquifer  includes  in  Tennessee  the  fort  Pillow  Sand 
|(».3|,  which  is  correlative  with  the  "1 ,4()l)-foot"  sand  of  the  Memphis 
area  ;uid  eastern  Arkansas.  /Vs  a result  of  overlap  by  the  Claiborne 
Crou|',  the  lower  Wilcox  aquifer  is  exposei.1  at  the  surface  onlv  in  a 


narrou  belt  in  Kcntuck)’,  nortliern  Mississippi,  ;md  i'ennessce.  The  atiui- 
t'er  subcro[)s  in  Arkansas  and  Missouri  bencatli  tlic  Quaternary  alluvium. 

Reeharye  to  the  lower  Wilcox  aquifer  is  by  precipitation  on  the 
outcrop,  by  infiltration  ol'  water  from  overlyiny  Quaternan'  terrace  and 
alluvial  de[iosits,  ajid  by  leakage  from  the  overlapping  satids  of  the 
dlaiborne  llroiq).  (Iroiukl  water  movement  is  toward  the  axis  of  the  Mis- 
s i ss  ipp  i emba\inent . 

■•Vliout  10  ]K'rcent  of  the  water  supply  at  Memphis  is  deiuved  from  the 
lower  Wilcox.  The  aquifer  is  the  primary  source  of  ground  water  at  West 
Mem])his,  Ark.,  ;uk1  Jackson,  'I'enn.,  ;md  at  several  smaller  municipalities 
in  northeastern  Arkajisas  and  northwestern  Mississippi.  Presently  in 
northwestern  Mississippi  there  is  a trend  towaixl  developing  tlie  lower 
Wilcox  for  public  and  industrial  water  siijiiilies  because  water  from  slial- 
lower  sources  retjuires  treatment.  The  aquifer  contains  fresh  water  at 
depths  of  more  than  J,()00  feet  in  pai'ts  of  WRl’A's  d and  -1. 

•■\n  excellent  atiuifer,  the  lower  Wilcox  in  naich  of  the  area  is  cap- 
able of  yielding  SOO  gjim  or  more  to  large  wells.  The  largest  sdeld  I'e- 
ported  is  d,000  gpm  at  West  Mc'mpliis,  Ark.,  ;utd  a well  at  Memjihis  yields 
l,bOU  gjun  IIP].  Although  the  aquifer  thins  to  the  north  and  soutli  of 
the  Memphis  area,  it  is  capable  of  yielding  as  i:aich  as  oOO  gimi  to  wells 
at  m;in\’  locations  in  Arkansas,  Kentucky,  Mississippi,  and  Missouri.  Re- 
sults of  pimtping  tests  indicate  coefficients  of  ti'ansmissibi  1 ity  ranging 
up  to  about  lbO,(Ul()  gjui  jier  ft.  Tlie  coefficient  of  iieniieabi  1 ity  exceeds 
about  SOU  g]Kl  pel’  square  foot  in  the  Memphis  area  (1P|. 

Water  in  the  lower  W'ilcox  aiiuifei’  is  genei’ally  soft  ;uid  is  a sodiimi 
bicarbonate  t>iK'.  llie  most  ti’oublesome  chemical  constituent  is  iron, 
wliich  occurs  in  concentrations  of  more  than  0.3  mg/1  in  some  areas.  The 
d issolvc\l-sol  ids  content  of  the  water  is  less  th;ui  3(Ui  mg/1. 

The  groimd  water  withdrawals  from  tlie  lower  Wilcox  aquifer  are  es- 
timated to  total  about  50  mgd.  The  aciui  fer  is  capable  of  yielding  at 
least  150  mgd  witliout  serious  consequences. 

Irregular  sand  beds  of  limited  areal  extent  and  thickness  occur  in 
the  middle  and  ujiiier  parts  of  the  Wilcox  (iroup  in  WRl’A's  d,  I,  5,  and  “. 
In  some  places,  tliese  minor  aquifers  are  capalile  of  yielding  several  hun- 
dred gallons  per  minute,  fhese  atiuifers  are  important  because  they  are 
good  sources  of  ground  water  in  some  localities  where  the  lower  Wilcox 
aciuifer  is  not  capable  of  meeting  water  r<.xiui  rement  s.  In  other  locali- 
ties, the  irregular  Wilcox  s;uids,  though  low  yielding,  contain  water  of 
excellent  vjuality.  (Irouiwl  water  withdrawals  from  these  sources  are  es- 
timated to  total  about  5 mgd  in  the  bower  Mississippi  Region. 

The  dlaiboi’iie  (lrou|i  in  Ai’kansas  and  Louisiana  includes,  in  ascend- 
ing order,  the  darrizo  Sand,  (lane  River  I'oniiation,  Sparta  S;md,  (look 
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>buntain  I'ormation,  and  Cockfield  1-oniuition.  Tlie  C;uie  River  ;md  Cook 
Moiuitain  I'oniiat  ions , eom[)osed  mostly  of  clay  in  soutlicrn  Arkansas  and 
I.ouisiana,  become  sandy  nortiiward  and  the  Cane  River  merges  into  the 
lovv’er  part  of  the  Memi^his  acjuifer.  In  Mississi))]ii , tlie  Claiborne  Croup 
comprises,  in  ascc-nding  order,  tlie  Tallaliatta  I'onnation  (uhich  includes 
the  Meridiim  Sand  Member  at  the  base),  Uinona  Sand,  ZiJpha  Clay,  Sparta 
S;md,  Cook  Moimtain  l-'oniiation,  and  Cockfield  I'onnation.  Fhe  Meridian 
S;md  Member  ;uid  tlie  uppcnnost  irregular  sand  beds  in  the  Uilco.x  Croup, 
hydraulically  connected,  fonn  the  Meridian-upper  Uilcox  acjuifer.  The 
remainder  of  the  Tallaliatta  I'onnation  ;uid  the  Winona  Sand,  cxgiivalent  to 
part  of  the  C;me  River  Fonnation,  are  minor  aquifers  in  most  of  Missis- 
sippi; however,  in  northern  Mississipjii  the  proportion  of  sand  increases 
and  the  luiits  merge  into  the  Memphis  aquifer  (figure  oS) . ilie  Memphis 
aquifer  (recently  reniuiied  Memphis  Sand  in  'fennessee)  is  c'quivalcnt  to 
all  strata  from  the  base  of  the  Claiborne  Crouji  to  the  top  of  the  Sjiarta 
Sand . 


llie  Carrico  S;uid  consists  of  fine  to  coarse  gray  micaceous  s:md. 

In  that  part  of  the  Lower  Mississippi  Region  where  it  contains  fresh 
water  (figure  bdl , the  Carrico  ranges  from  less  than  100  to  more  tluui 
300  feet  in  thicknevss  and  commonly  is  composed  of  more  than  80  percent 
sand,  Ihe  aquifer  has  not  been  used  extensively  in  Arkiuisas,  ;md  the 
few  aquifer-test  data  available  do  not  reflect  the  hi'draulic  character- 
istics that  jirobably  character i ce  the  downdip  areas.  Based  on  aquifer 
test  results  from  tlie  Meridian-upper  Wilcox  aquifer  in  northwestern 
Mississippi  [71],  the  Carrico  Sand  in  eastern  Arkansas  would  have  a co- 
efficient of  peniiealh  1 ity  in  the  magnitude  of  200  to  500  gjxi  per  square 
foot  ;md  transmissibi lities  ranging  from  10,000  to  over  100,000  gpd  per 
foot.  Wells  yielding  several  Inuidred  to  sei'eral  thous;md  gallons  jier 
minute  from  tlie  Carrico  are  feasible.  Water  from  the  Carrico  in  tlie 
Lower  Mississipih  Region  commonly  contains  more  th;ui  500  mg/1  of  dis- 
solved solids  and  is  a sodiuii  bicarbonate  or  sodium  chloride  t\']ie.  In 
the  Lower  Mississippi  Region,  withdrawals  from  the  Carrico  jiresently 
amoiuit  to  less  th;m  I mgd.  'Ihe  aquifer  is  capable  of  yielding  40  to 
.50  mgd  without  an  excessive  decline  in  water  levels. 

In  northwestern  Mississippi,  the  Meridian-up[ier  Wilcox  aquifer  (fig- 
ure 021  comprises  the  Meridian  S;md  Member  of  the  Tallaliatta  Fonnation 
and  hydraulically  connectc'd  sand  in  the  upjier  part  of  the  Wilcox  Croup. 
'Ihe  Meridian  Sand  Member  is  the  strat  igrapliic  et(uivalent  of  the  Carrico 
S;uid;  the  luiits  have  hydraulic  continuity  and  both  merge  into  the  lower 
part  of  the  Memphis  aquifer.  The  Meridian-upper  Wilcox  aquifer  is  ex- 
tremely irregular  in  thickness  ;uid  lithology,  being  made  uji  of  irregular 
sand  beds  representing  different  geologic  luiits.  The  irregularity  of 
the  acjuifer  contributes  to  the  wide  variation  in  Indraulic  characteris- 
tics. Coefficients  of  transmissibil ity  ranging  from  less  th;ui 
10,000  gpd  per  foot  to  nearly  00,000  gpd  per  foot  have  been  detemined, 
and  the  average  penneability  is  about  400  gjKl  jier  square  foot.  Well 
yields  of  more  tiian  2,000  gpm  have  been  reported,  but  in  many  jilaces  the 
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aquifer  is  capable  of  only  low  yields.  Water  from  the  Meridian-ujipcr 
Wilcox  is  generally  of  good  quality  but  in  some  places  requires  treat- 
ment for  iron  removal  or  Jill  adjustment.  In  tlie  Lower  Mississippi 
Region,  withdrawals  in  1970  ;unounted  to  about  25  mgd,  only  a small  part 
of  a potential  yield  estimated  at  nearly  90  mgd. 

In  tlie  Lower  Mississippi  Region,  the  fallaliatta  I'omation  (exclu- 
sive of  the  Meridi.m  Sand  Member)  is  composed  of  irregular  lx)ds  of  fine 
to  mediimi  sand,  clay,  ;uid  siltstone.  The  foniiation  is  overlain  by  iuid 
liydraul ical ly  connected  locally  to  the  Winona  Sand,  a marly,  glauconitic 
sand.  Botli  foniiations  merge  nortliward  into  the  Memphis  aquifer.  The 
irregular  sand  beds  in  tlie  Tallahatta  are  sources  of  water  for  many  low 
\delding  wells;  liowever,  in  a few  localities  tlie  fonnation  is  capalile  of 
yielding  several  luuidred  gallons  per  minute  to  wells.  The  Winona  Sand 
is  a common  source  of  water  for  small  wells  ;uid  is  capable  of  only  low 
yields.  Both  aquifers  contain  water  that  is  generally  suitable  for  do- 
mestic iLse  without  treatment;  however,  the  water  is  generally  more 
highly  mineral  iced  than  water  from  cither  the  underlying  Mer idiim-upper 
Wilcox  at|uifer  or  the  Sparta  Sand,  the  next  overlying  aquifer. 

Cropping  out  on  the  east  luid  west  sides  of  the  Mississippi  embay- 
ment  aiwl  luiderlying  the  entire  central  part  of  the  Lower  Mississippi 
Region,  the  Sjiarta  Sand  (figure  (i5)  is  exceeded  in  areal  extent  only  by 
the  Mississippi  River  i'alley  alluvial  atiuifer.  Die  Sparta  ranges  in 
ttiickness  from  a few  feet  where  erosional  remnants  laiderlic  tlie  Missis- 
sippi River  alluviimi  to  more  than  900  feet  in  Arkansas  ;uid  more  tlvni 

1.000  feet  in  Louisiana  and  Mississijipi  in  areas  near  tlie  downdip  limit 

of  fresh  water.  The  Sparta  is  coiiqiosed  of  irregular  beds  of  sand  ;uid 
clay,  some  of  which  persist  over  very  large  areas.  Although  the  Sparta 
foniLs  a single  regional  aquifer  system,  at  some  localities  the  fonnation 
may  contain  three  or  more  separate  cones.  Hie  transmissibi 1 ities  de- 
teniiined  from  pionping  tests  using  wells  screened  in  the  Sparta  range 
from  less  than  20,000  gpd  per  foot  to  140,000  gpd  per  foot;  however, 
these  tests  generally  are  indicative  of  the  characteristics  of  one  cone, 
and  the  aggregate  t riuismiss i hi  1 i ty  in  many  areas  could  excecxl  j 

300.000  gjxl  per  foot.  The  average  peniieabi  1 i ty  of  the  Sparta  is  about  ] 

500  giwl  jier  square  foot  [711.  I 

Wells  for  public  and  industrial  water  sujipl ies  made  in  the  Sparta  j 

Sand  coniiionly  yield  1 mgd  or  more.  Yields  of  over  2,000  gpm  have  been  j 

re|Kirted  and  larger  yields  are  feasible.  Water  from  the  Sparta  is  of  i 

good  ciuality,  suitable  in  iiuuiy  areas  for  general  irse  without  treatment. 

In  other  localities,  treatment  for  iron  removal  or  [ill  adjustment  is 
needed  and  in  some  areas  the  water  is  liighly  colored  by  orgatiic  material 
in  the  ac|uifer.  In  a small  area  in  Arkansas  and  in  extreme  downdip  lo- 
cations, the  Sparta  contains  saline  water.  In  1970,  the  estimated  with- 
drawal of  water  from  the  Sparta  in  the  Lower  Mississippi  Region  was 
about  200  mgd,  about  lial  f of  tlie  estimated  potential  yield  of  sliglitly 
iiKire  tlum  400  mgd  under  moderate  drawdovni  conditions.  A recent  re]iort 
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on  tlic  Sparta  Smid  [87]  indicates  tliat  tlic  Sparta,  now  overdeveloped  in 
some  places,  has  experienced  iui  average  water  level  decline  of  about 
70  feet  during  a period  of  80  years  in  the  Lower  Mississipju  Region, 
Because  the  average  pinnping  rate  during  the  period  was  much  lower  thaji 
the  present  200  mgd,  increases  in  withdrawals  from  the  Sparta  should  he 
carefully  plaitned. 

The  Memphis  aquifer  tfigure  b3)  is  second  only  to  tlie  Mississij^pi 
River  Valley  alluvial  aquifer  as  a potential  source  of  large  qu;mtities 
of  groiuid  water  in  tlie  northern  ivirt  of  tlie  l,ower  Mississippi  Region. 
Because  tlie  aquifer  not  only  lutderlies  tlie  alluvial  plain  hut  also  im- 
derlies  much  of  tlie  coastal  plain  jiarts  of  Kentucky  and  Tennessee,  it  is 
perhaps  tlie  most  importiuit  source  of  groiuid  water  in  tlie  northern  part 
of  the  region.  Recharge  to  the  Memphis  aquifer  is  mostly  by  precipita- 
tion on  the  outcrop  in  Western  Kentucky  and  Tennessee;  however,  in  tlie 
future  additional  recharge  will  occur  through  leakage  from  shallower 
sources,  particularly  the  Mississippi  River  \alley  alluvial  aquifer. 

The  Memphis  aquifer,  composed  of  interbedded  sand  and  clay,  ranges 
from  less  than  400  feet  to  more  than  800  feet  thick.  The  principal  di- 
rection of  groiuid  water  iiKivement  is  westward  from  the  recharge  area  in 
the  western  part  of  Kentucky  and  Tennessee;  however,  a large  cone  of 
depression  has  developed  as  a result  of  withdrawals  in  the  Memphis 
area  [87]. 

Aquifer  test  results  indicate  coefficients  of  t ransmiss ibi 1 ity 
ranging  from  20,000  gpd  per  foot  to  410,000  gpd  per  foot.  Tests  in  the 
Memphis  area  showed  an  average  transmissibi  1 ity  of  250,001'  gjxi  jier  foot 
;uid  the  highest  value  reported,  410,0('0  gpil  jier  foot,  was  for  a well  at 
Memphis  [10].  Assimiing  average  hydraulic  conditions,  wells  yielding 
more  than  1,500  gjim  might  be  constructed  at  imuiy  localities  luiderlain  by 
the  Memphis  aquifer.  In  Kentucky,  the  Tallahatta  loniiation  and  Sparta 
Sand,  partial  equivalents  of  the  Memphis  aquifer,  yield  as  naich  as  sev- 
eral luuidred  gallons  jier  minute  to  wells  [21’|. 

Water  from  the  Memphis  aquifer  is  generally  of  good  quality.  In 
some  areas,  treatment  is  i'ei|uired  for  iron  reuKival,  [ill  adjustment,  or 
hanbiess. 

The  present  piunjiage  from  the  Memphis  aquifer  is  estimated  to  be 
about  200  mgd,  of  which  about  180  mgd  is  withdrawn  in  the  Memphis  area, 
rhe  aquifer  has  the  capability  of  transmitting  large  quimtities  of 
vvatcr,  and  the  estimated  potential  yield  is  alxnit  1,050  mgd. 

Hie  Vockfield  formation  crojis  out  on  both  the  east  ;md  west  sides 
of  the  Mississippi  embaviiient  and  luiderlies  iinich  of  the  Mississippi  River 
alluviiuii  in  the  central  part  of  the  Lower  Mississippi  Region  (figure  041. 
In  the  area  where  it  contains  fresh  water,  the  t'.ockficld  is  comiKised  of 
fine  to  mediiEii  quart::  sand,  silt,  and  clay  ranging  in  thickness  from 
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less  tluui  U)0  feet  in  tlie  north  to  about  bOO  feet  in  tlie  Vicksburg, 

Miss.,  area.  Sand  beds  arc  discontinuous  tlirougliout  ;md  commonly  con- 
tain carbonaceous  nuterial.  The  Cockfield  is  similar  in  hydraulic 
cliaracter ist ics  to  the  S[)arta  Sand,  liaving  ;m  average  pcniieahility  in 
Mississippi  of  al)out  500  gpd  per  square  foot  (71J,  ;uid  transmissibi  1 - 
itics  as  liigh  as  lb0,000  gpd  per  foot  liave  been  reported  llllj.  How- 
ever, the  hydraulic  characteristics  vary  and  values  of  less  than 
10,000  gpd  per  foot  would  not  be  luiusual . Tlie  largest  yields  rciiorted 
for  wells  tajiping  tlie  Cockfield  are  at  Creenville,  Miss.,  where  wells 
commonly  yield  more  th;ui  1,000  gpm  and  the  largest  reported  yield  is 
2,100  gpm.  In  most  of  the  region,  liowever,  mucli  lower  yields  are  usual, 
hater  in  the  Cockfield  is  generally  of  good  chemical  ijuality;  however, 
in  imich  of  the  region  the  water  is  colored  by  organic  material  in  tiie 
aquifei.  In  some  jdaces,  treatment  for  iron  removal  or  softening  is  re- 
quired. The  estimated  withdrawal  of  water  from  the  Cockfield  for  [lulilic 
;md  industrial  use  in  1070  was  estimated  to  be  about  55  mgd.  The  larg- 
est withdrawals,  about  14  mgd,  were  iiuide  in  the  Creenvi  1 le-Leland, 

Miss.,  area.  The  estimated  potential  >ield  of  the  aciuifer  is  about 
75  mgd. 

Aquifers  of  Oligocene  age  in  the  forest  Hill  Sand  ;uid  the  Vicksburg 
Croup  are  very  limited  in  yield  ;uid  in  areal  extent.  These  aquifers  are 
significant  primaril)’  because  they  are  the  onl\'  sources  of  fresh  groiuii.i 
water  between  the  top  of  the  Claiborne  Crouji  (generally  more  tium 
500  feet  dee|ier)  and  the  base  of  aquifers  in  tlie  Miocene  Sei  ies.  Both 
imits  include  sand  beds  cajiable  of  yielding  good  quality  water  in  qu.ui- 
tities  sufficient  for  domestic  ;uid  stock  wells.  In  a few  places,  the 
aquifers  are  capable  of  funushing  small  community  or  industrial  su]i- 
plies.  In  the  lower  Mississippi  Region,  titilization  of  these  aquifers 
is  limited  to  parts  of  tdaihonie,  harren,  and  Yazoo  Comities,  Miss. 

Miocene  deposits  underlie  about  the  southern  one-third  of  the  lower 
Mississippi  Region,  roughly  southward  from  the  latitude  of  \icksburg, 
Miss,  (figure  b5) . The  beds  dip  southward  ;md  are  overlain  b>’  I’liocene 
deposits  south  of  the  51st  parallel.  Both  sequences  are  overlajiped  by 
Quaternary  deposits  ;md,  except  for  small  Miocene  outcrops  in  west- 
central  Louis i;ma  and  southwestern  Mississippi,  are  not  exposed  at  tlie 
surface. 

I.itliological  ly,  tlie  Miocene  ;uid  I’liocene  deposits  are  virtually 
identical;  the  boundaiy  between  the  two  is  established  on  the  basis  of 
palcontologic  evidence.  Together,  they  fonii  a gul fward-thickening  wedge 
of  interf ingcring  s;md,  silt,  ;uid  clay  beds  immy  tlious;mds  of  feet  thick 
at  the  southeni  limit  of  the  area.  Hie  sands  are  fine  to  mediimi  grained, 
discontinuous,  ;md  interconnected  to  varying  degrees.  Collectively, 
they  are  considered  a hydrologic  luiit  in  Louisiana  in  this  report  and 
are  referred  to  as  the  Mio-Tliocene  aquifer.  In  Mississijipi , the 
Miocene  is  divided  into  the  Catahoula  Sandstone  ;uid  the  Hatt iesliurg  and 
Pascagoula  Tonnations.  The  Hat t iesliurg  and  Pascagoula  lonnations  have 
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not  been  satisfactorily  differentiated  in  the  subsurface  and  are  here 
considered  undifferentiated  upper  Miocene  aquifers. 

Hie  ciacahoula  S;mdstone  is  the  only  artesiaji  aejuifer  capable  of 
yielding  large  qiumtities  of  ground  water  in  tl\e  northem  one-half  of 
the  soutlieni  part  of  Iv'Rl'A  7.  In  tlie  remainder  of  the  soutlieni  part  of 
the  ai'ca,  the  Catahoula  is  overlain  by  luidi fferent iated  upper  M'oeene 
strata  of  similar  lithologic  and  hydrologic  characteristics,  ilie  units 
comprise  a thick  section  of  irregular  s;md  ;md  clay  lieds  tiiat  are  hy- 
draulically connected  in  varying  degrees,  ilte  water-bearing  cajxicity  of 
the  aquifers  increases  southward  due  to  tlie  tliickening  of  tl\e  imits  and 
the  increase  in  tlie  mmiber  of  aquifers.  Aquifer  tests  indicate  trans- 
missibilities  for  individual  sand  beds  nuiging  up  to  about  100, ObU  g]id 
per  foot.  Although  the  highest  yield  reported  for  a well  in  the  south- 
eni  part  of  IVRl’A  7 is  about  800  gpm,  much  higher  yields  can  be  obtained, 
especially  in  areas  luidcrlain  by  two  or  more  s;md  beds. 

Water  from  the  Catahoula  S;mdstone  ;md  the  luidi  fferent  iated  uiijicr 
Miocene  aquifers  is  generally  a sodiimi  bicarbonate  t\qie.  In  present 
areas  of  use,  the  water  is  low  in  dissolved  solids  but  commonly  rcxiuires 
treatment  for  iron  removal  or  acidity. 

In  1970,  about  17  mgd  of  groimd  water  was  withdrawn  from  the  Mio- 
cene aquifers  in  WRl’A  1’.  Yield  of  the  Miocene  aquifers  is  conseifa- 
tively  estiimited  to  he  at  least  70  mgd. 

Individual  s;uid  beds  in  the  Mio-l’l  iocene  dip  and  thicken  somewhat 
to  the  south.  Thickness  varies,  as  sands  pinch  out  as  well  as  coalesce 
with  other  squids;  but  most  of  the  thicker  and  more  extensive  sand  Ix'ds 
are  in  the  50-  to  200- foot  thickness  range.  Coalescence  of  s;uid  lieds 

results  in  locally  imissive  sand  beds  several  luuulred  feet  tiiick.  The 

s;uids  arc  luiifoniily  graded,  and  coefficients  of  pennealiility  are  gener- 
ally in  tlie  250-  to  1 ,000-gpm-per-squarc-foot  r;uige.  Because  of  tlie 
variation  in  sand  tiiickness,  coefficients  of  transmissibi lity  vary  over 
a wide  range;  however,  most  arc  on  tlie  order  of  100,000  to  500,000  gpd 
per  foot.  Well  yields  are  high,  and  yields  of  1,000  to  5,000  gpm  are 

obtainable  in  most  of  the  area;  even  higher  yields  have  been  obtained  by 

screening  all  or  nearly  all  available  sands. 

except  for  declines  caused  by  concentrated  piDiijiagc  in  the  Baton 
Rouge  area,  water  levels  are  still  high.  Rowing  wells  may  be  obtained 
in  WRl’A's  8 ;md  10,  imd  large  yields  are  common,  tiie  largest  being 
5,200  gpm. 

Water  in  the  Mio-t’l iocene  aquifer  is  a soft  sodiimi  bicarlionate  t>pe 
vvhcrc  it  is  fresh,  but  the  quality  may  be  affected  locally  by  water 
movement  from  overlying  dc[)Osits.  It  is  generally  low  in  iron  coiitent 
mid  may  lie  corrosive.  Downdiii,  the  water  becomes  salt>’.  A so-called 
"ridge"  of  salty  water  occurs  in  south-central  l.ouisimia  wlicre  sands 
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hciK'ath  the  Quaternary  deposits  do  not  contain  fresh  water,  hast  Luid 
west  of  this  "ridge,”  tlie  Miocene  ;uk1  Pliocene  sajids  contain  fresh  water 
to  rapidly  increasing  depths,  ilie  iiuLxmuii  depth  of  fresh  water  is  about 
-5,000  feet  msl  west  of  the  "ridge"  in  IVltl’A  0 and  about  -3,500  feet  msl 
east  on  the  "ridge"  in  IVRl’A's  8 ;md  10. 

Xearl)'  200  mgd  is  withdrawti  from  tJie  Mio-Pliocene  aquifer,  ajid  more 
tium  lialf  of  this  ;unoimt  is  pinuped  in  the  Baton  Rouge  area.  Almost  all 
the  water  is  used  for  immicipal  ;uid  industrial  purposes.  .\n  additional 
15  to  20  mgd  flows  to  waste  from  uncapped  flowing  wells  in  southeastern 
Louis iaiKi.  On  a regional  basis,  tlie  aciuifer  is  relatively  luidevcloped. 
Properly  [il aimed  development  c;m  produce  numy  times  the  present  pumimge. 

Quaternary’  Acpiifers 

South  of  a line  iirojected  through  tlie  east -west  hoiuidary  between 
Louisiana  ;md  Mississippi,  the  Qiuiteniary  deposits  fonii  a gulfward- 
thickening wedge  of  alternating  s;md  and  clay  beds.  Quaternary  deposits 
also  occur  as  stream  terrace  and  alluvial  valley  fill  in  most  of  the 
Lower  Mississippi  Region.  Both  the  deltaic  wedge  mid  the  thinner  allu- 
vium contain  fresh  water-bearing  aquifers  (figure  Ob). 

The  Citronelle  Loniiation  (considered  by  the  1).  S.  Geological  Survey 
to  he  of  Pliocene  age  in  Miss iss ijipi ) includes  beds  of  sand  mid  gravel 
that  are  here  considered  part  of  tlie  Qiuitcrnary  aquifers  in  the  Lower 
Mississippi  Region,  ilie  Citronelle  in  Mississipjii  caps  hills  mid  ridges 
and  thickens  southward.  In  Louisiana,  equivalent  strata  are  included 
with  Pleistocene  deposits,  llie  Citronelle  in  Mississippi,  dissected  mid 
drained  by  streams,  is  generally  a water  table  aquifer.  In  Louisimia, 
the  aquifer  dips  beneath  younger  strata  mid  becomes  artesimi. 

Water  from  the  Citronelle  Lonnat ion  is  soft  and  low  in  dissolved 
solids.  It  is  generally  not  satisfactory  without  treatment  for  most 
uses  due  to  the  low  pll  and  high  iron  content. 

In  iiuiny  areas,  the  saturated  thickness  of  the  Citronelle  is  50  to 
lOU  feet  and  the  aquifer  is  capable  of  yielding  several  lumdred  gallons 
per  minute  to  large-tl iameter  wells. 

Tlie  Pleistocene  terrace  deposits  tliicken  rapidly  south  of  tlie  31st 
jiarallel  and  fonii  a tliick  wedge  of  interf inger ing  sand  and  clay  lieds. 

Tlie  sands  are  cliaracter ist  ical ly  discontinuous  mid  arc  intcrcoimected  to 
varying  degrees.  Iliey  constitute  a large  aquifer  system  tliat  extends 
througliout  approximately  tlie  soutlieni  one-third  of  I.ouisiana.  The  smuis 
are  fine-  to  coarse-grained  and  gravel  i ferous  mid  arc  soniewliat  coarser 
in  southwestern  I,ouisiana,  wtierc  they  are  called  the  Cliicot-Atcliafalaya 
ai(uifer.  The  Pleistocene  acjuifer  is  better  developetl  in  southwestern 
than  in  southeastern  I-ouisimia,  and  fresli  water  occurs  deeper  and  far- 
ther  dowiidip  to  the  soutli. 
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QUATERNARY  DEPOSITS 


Tr;msmissihi  1 itics  of  the  at[uifcr  east  of  the  Mississijipi  River  are 
generally  less  tlum  200,000  gpd  per  foot;  houever,  larger  wells  produce 
as  inucli  as  1,500  gpm.  West  of  tlic  river  t ransmiss ibi  1 it ics  are  mudi 
higher,  as  niuch  as  1,000,000  gpd  per  foot  for  individual  s;md  beds,  and 
larger  wells  yield  1,000  to  4,000  g{im. 

I'he  quality  of  water  in  the  I’leistocene  aquifer  is  also  different 
in  southeastern  and  southwestern  Louisiana.  In  southeastem  Louisiana 
tlie  water  is  general  1\-  soft,  low  in  dissolved-sol  ids  content,  and  cor- 
rosive, except  vdicre  affected  by  movement  of  hard  water  from  the  allu- 
\ ial  aiiuifer.  In  southwestern  Louisiaiia,  however,  the  water  is  gener- 
al 1\-  a hard,  calcium  magnesiu]ii  bicarbonate  type,  and  high  in  iron 
content.  In  both  areas,  the  water  becomes  salt)’  downdip  :md  with  depth. 

Sediments  of  Pleistocene  and  Holocene  age  comprise  the  Mississippi 
River  \alley  alUa’ial  ac[uifer,  whicii  is  a depositional  feature  of  the 
Mississippi  River  s)’stem.  The  older  Pleistocene  alluviiDii  is  terraced, 
fonning  dissected  surfaces  higher  tlum  the  present  floodjilains  of  major 
strecuas.  The  Pleistocene  alluvium  generally  contains  coarse  s;uid  or 
gravel i ferous  sand  at  its  base  and  grades  finer  U]iward;  Holocene  allu- 
vium is  composed  of  very  fine-grained  s;uid,  silt,  iuid  cla)’.  The  Holo- 
cene sands  are  water  bearing  and  are  pai’t  of  tlie  Mississijipi  River 
\alle>’  alluvial  ac]uifer,  Init  the  Pleistocene  alluviimi  is  the  major  and 
most  productive  part  of  tlie  aquifer. 

The  terrace  deposits  are  dissectewi,  and  nuiny  segments  are  isolated 
;md  act  as  individual  aquifers.  The  alluvial  aquifer  is  also  divided  on 
a regional  scale.  Lrowle\’s  Ridge  and  tlie  Mississi]ijn  River  arc  bound- 
aries that  separate  the  aquifer  into  three  major  hydraulically  indepen- 
dent luiits. 

(iroiuid  water  in  the  alluviiDii  contributes  to  the  base  flow  of 
strciuns  it  underlies.  The  natural  (.lirection  of  movement  of  water  toward 
the  streiuiis  is  temjiorari  1>’  reversed  during  periods  of  high  river  stage. 
Seasonal  reversals  generally  do  not  represent  significant  recharge  to 
the  aiiuifer,  as  most  of  the  stored  water  is  discharged  to  the  strciuii  as 
the  stage  lowers.  Recharge  from  strcxims  has  been  induced  locally,  such 
as  along  the  Ifliitc  River  in  Arkiuisas,  where  heavy  withdrawals  have  suf- 
ficiently lowered  water  levels  adjacent  to  major  streiuns.  Most  of  the 
recharge  to  the  aquifer  is  from  precijiitation.  However,  m;my  portions 
of  the  aquifer  arc  rechai'ged  by  luiderflow  where  fine-grained  surficial 
deposits  inhibit  direct  recharge. 

Thickness  of  the  aquifer  is  highly  variable,  partly  because  the 
Quateniarv’  sediments  were  deposited  on  an  eroded,  irregular  Tertiary 
surface;  thickness  ranges  from  less  tluui  50  feet  to  more  than  250  feet. 
In  addition,  texture  of  the  aquifer  iiviterial  ranges  from  veiy  fine  sand 
to  gravel.  Because  of  these  large  differences  in  thickness  and  texture, 
aquifer  characteristics  also  vary  over  a wide  range.  Coefficients  of 
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pcnnealn  1 ity  range  from  less  tlKin  500  to  more  th;ui  5,000  gpd  per  square 
foot,  and  coelTicients  of  tnmsmissibi 1 ity  range  from  less  than  40,000 
to  about  000,000  gpd  per  foot.  Kell  yields  as  liigli  as  5,000  gpm  arc 
obtainable,  ;md  yields  of  2,000  gpm  are  common. 

Kater  from  the  Mississippi  River  Valley  alluvial  aquifer  is  gener- 
ally hard,  a calciuu  l)icarbonate  t\qK',  and  liigli  in  iron  content.  Kliere 
tlie  older  alluvial  or  terrace  deposits  arc  exposed,  tlie  uater  may  lie 
soft,  low  in  dissolved-sol ids  content,  and  corrosive.  Temiierature 
r;uiges  from  about  59°  f in  the  northern  part  of  tlie  region  to  about 
~0°  f in  the  southcni  part;  seasonal  variations  occur  in  the  vicinity  of 
major  streemis  where  they  are  hydraulically  connected  to  the  aiiuifer. 

The  alluvial  aquifer  of  the  Red  River  \’alle\’  merges  with  ;md  is 
very  similar  to  the  Mississippi  River  \alley  alluvial  aquifer. 

Most  of  the  groiuid  water  withdrawn  in  the  Lower  Mississi[ipi  Region 
is  pimiped  from  (Quaternary  aquifers.  The  chief  uses  are  agricultural  and 
industrial.  The  iiost  widespread  water  level  declines  brought  about  by 
pumping  have  occurred  in  eastern  Arkansas  and  southwestern  Louisiana. 
Surficial  clays  in  eastern  Arkansas  prevent  direct  recharge  in  a large 
area  wiiere  rice  irrigation  nuikes  large  seasonal  denuinds  on  the  groiuid 
water  sujiply.  Heavy  pimipitig  by  industn'  as  well  as  agriculture  has  pro- 
duced a large  cone  of  depression  in  southwestern  Louisiana  where  nearl>' 
1,000  mgd  is  withdrawTi.  In  spite  of  large  present  wi  thdi'awals , (Quater- 
nary aquifers  have  good  regional  potential  for  further  development. 

Some  areas  along  major  strexuns  are  especially  favoj'alile  wiiere  the  stre;im 
is  in  direct  liydraulic  connection  with  tlie  alluvial  aquifer;  in  such 
areas,  large  su[ipl  ies  can  derive  most  of  their  pumpage  from  direct 
streiun  recharge  without  jiroducing  far-reacliing  effects  on  the  remainder 
of  the  aquifer. 


listimated  Yield  Under  Sjiecified  Conditions 

The  estimated  yield  of  ;ui  aijuifer  may  be  leased  on  the  alii  1 ity  of  ;ui 
aquifer  to  yield  watei'  under  stated  conditions  ;uid  witli  acceptable  con- 
seviuences.  l.stimates  of  the  \ields  of  aquifers  in  the  Lower  Mississijiiii 
Region  are  based  on  methods  used  by  Boswell  in  a study  of  groiuid  water 
availability  in  tlie  s;uiie  area  111|.  Basically,  these  methods  describe 
yields  that  might  result  while  loweiing  water  levels  in  artesiiui  aijui- 
fers  an  average  of  100  feet  in  50  years  and  lowering  water  levels  in 
(Qiuiternary  alha'ial  aquifers  40  feet  during  the  s;ime  jieriod.  Lor  this 
stud)',  the  yield  resulting  from  an  average  lowering  of  200  feet  in  each 
artesiim  aciuifer  is  added,  and  the  more  jironounced  conseciuences  of  the 
additional  lowering  are  considered. 

One  of  the  economic  consequences  of  declining  water  levels  is  tlie 
increase  in  the  cost  of  ixiwer  for  imiiping  water.  One  of  the  reasons 
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for  limiting  the  average  lowering  of  water  levels  to  200  feet  is  tliat 
average  pumping  lifts  would  lie  nearly  500  feet  (assuiipt  ions : original 

level,  100  feet  luidergroLUid ; (lO-psi  iieaJ  at  land  surface;  35  feet  of 
drawdown  in  pumping  welll.  The  cost  of  electric  ]iower  to  pump  one  mil- 
lion gallons  of  water  is  approximately  five  dollars  for  each  100  feet 
of  lift  (at  1 cent  jier  kwh). 

Other  considerations  involved  in  detennining  acceptable  water  level 
declines  include  land  suhsidence,  uixliji  movement  of  saline  water,  and 
the  effects  of  lowered  water  levels  in  the  recharge  (outcrop)  area. 

Water  level  declines  in  response  to  increasing  withdrawals  are  ac- 
comp;mied  by  steeper  hydraulic  gradients,  which  result  in  an  increase 
in  the  quantity  of  water  ii»ving  through  the  aquifers.  The  increase  in 
qiKU\tity  will  continue  until  either  tlie  maximimi  possible  gradient  is  ob- 
tained without  decreasing  the  saturated  thickness  or  luitil  discharge 
equals  potential  recharge  (dus  change  in  storage. 

The  yield  of  watei'  table  aciuifers  is  directly  related  to  recharge. 
Hie  Quaternary  alluvial  aciuifers  in  the  bower  Mississippi  Region  are 
recharged  nrostly  by  precipitation  on  the  surface.  Rcites  of  recharge  for 
areas  in  the  region  where  surficial  materials  are  sufficientiv  pcniieahle 
to  [lennit  direct  recharge  are  estimated  to  I'ange  from  2 to  5 inches 
aiuuuilly;  however,  surficial  deposits  in  some  veiy  large  areas  (the 
(irand  Prairie  Region,  for  excmiple)  appai'cntJ)'  are  I'elat i vel\’  im|)eniieable. 

The  estimates  for  yields  of  acjuifers  in  the  Lower  Mississippi  are 
given  in  table  23.  It  is  acknowledged  that  some  areas  now  yield  more 
groiuid  water  than  the  ciuantities  shown;  however,  these  areas  already  are 
experiencing  the  problems  of  local  overdevelopment. 

The  ground  water  yield  at  any  site  is  the  total  combined  yield  of 
all  acjuifers  luiderlying  the  site.  The  \deld  at  an\’  site  in  the  Lower 
Mississippi  Region  can  be  estimated  by  referring  to  figure  (i7.  Other 
maps  showing  areas  where  each  individual  aciuifer  caji  be  utilized  are 
included  for  each  Wld’A. 

The  highest  \'ielding  aciuifer  in  the  region  is  the  Mississippi  Ri\'er 
\alley  alluvial  aciuifer.  In  much  of  the  alluvial  valley,  older  artesiati 
acjuifers  miderlie  tlie  alluvial  aciuifer,  adding  to  tlie  potential  yield 
and  allowing  a choice  of  sources  on  the  basis  of  water  ciualitc’  or  other 
considerat ions. 

Lstimated  yield  in  this  study  is  based  on  a iuii  fonii  distribution  of 
groiuid  water  withdrawal  over  tlie  entire  area.  In  practice,  most  water 
will  he  withdrawn  in  concentrated  areas  and  ground  water  will  move  to- 
ward the  area  of  wi tlidravval . .As  a result,  water  produced  at  some  places 
may  he  partly  derived  from  other  U'Rl'A's;  for  excmijile,  water  pimiped  in 
the  McMiiphis  area  is  derived  from  IVRPA's  2,  3,  ;md  4. 
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The  estimated  yield  of  ground  water  from  the  Mississippi  River 
Valley  alluvial  aciuifer  ;md  otlier  Qu;iternary  aciuifcrs  is  based  on  well 
fields  located  away  from  st reruns,  iiie  yield  of  tlic  aquifer  can  lx.' 
increased  by  installing  lines  of  wells  parallel  to  and  in  the  vicinity 
of  stretims  wl\ere  recharge  cam  lx>  induced;  however,  tlus  additional  water 
will  be  subtracted  from  the  surface  water  resource. 


Interrelation  of  Clroiuid  and  Surface  Kater 

iiie  hydrologic  system  in  the  bower  Mississippi  Region  is  tNqiical  of 
tliat  in  a Innnid  region.  Precipitation  is  reasonably  distributed  througli 
the  year,  ;md  ;m  abiuidance  of  water  is  available  to  sustain  surface  nm- 
off  ;md  to  replenish  aquifers.  Mucli  of  tlie  region  is  luiderlain  by  lierme- 
able  terrain  where  ac(uifers  crop  out  ajid  are  replenished.  Regionally, 
the  at[uifers  are  kept  full  by  precipitation. 

Generally,  more  water  may  lx.'  available  to  aquifers  than  c;ui  nrn'e 
into  the  artesian  zone.  Part  of  the  surplus  ground  water  is  liissipated 
by  evajxtt  ransp  i rat  ion  imd  part  is  disciiarged  to  strecims. 

Kater  in  water  table  aquifers  (or  the  water  table  part  of  artesian 
ac[uifers)  in  tlie  region  commonly  moves  toward  streiuns  mid  is  disciiarged. 
Ituring  dry  jieriods,  streamflow  is  derived  from  this  soutve.  Streams 
originating  in  areas  underlain  by  peniieable  water-bearing  'naterial  may 
be  jierennial  mid  the  volimie  of  low  flow  is  dependent  in  part  on  the 
hydraulic  characteristics  of  the  aquifer  iiuiterial . The  water  table 
atiuifer  acts  as  a reservoir,  temporarily  storing  jirec  ipi  tat  ion  mid  re- 
leasing it  gradually  to  streams. 

Streams  flood  during  stonii  periods  and  tlie  [Xitent iomctric  surface 
in  water  table  aquifers  rises,  fommonly,  there  is  little  movement  of 
water  from  the  stremn  into  the  aquifer;  ratlier,  the  stremii  has  a block- 
ing effect  on  the  discliarge  of  groimd  water.  When  flooding  subsides, 
water  held  in  "bmik  storage"  is  soon  released  mid  tlie  water  table  aqui- 
fer gradually  releases  tlie  temporarily  stored  water  to  the  stream. 

The  voluiie  of  water  stored  in  the  water  table  aciuifer  decreases  as 
a result  of  (1)  evapotranspiration,  (2)  movement  into  deciier  aciuifers, 
mid  (3)  discharge  to  streams.  ,Vs  the  volume  diminishes,  the  discharge 
decreases  mid  a recession  of  stre.'imflow  occurs. 

One  natural  factor  influencing  the  low  flow  characteristics  of 
stremns  is  the  relation  of  the  vvatcr  table  to  the  water  surface  in  the 
strctim;  either  may  adjust  to  dvingcs  in  the  other.  For  exmiiple,  a lower- 
ing of  the  stream  surface  will  result  in  temjiorary  increase  in  grotuid 
water  discharge  during  a period  while  the  water  table  adjusts  to  a lower 
level;  conversely,  if  the  stremn  level  is  raised,  as  by  a dmn,  the  water 
table  will  rise  to  accommodate  the  new  condition.  Tlie  depth  to  wliich  a 
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clumnel  is  iiK'iseil  into  tlio  snturated  jxirt  of  a wator-bearint;  ideologic 
luiit  deteniilnos  the  quajitit)’  of  uater  tliat  c;m  be  intercepted  liy  a 

St  'WUil. 

Sireiuns  lying  entirely  within  the  alluvial  plain  are,  imder  natural 
conditions,  perennial  if  the  clumnel  is  incised  below  the  dry  season 
water  table;  otherwise,  the  stre;uiis  are  intennittent . Tlie  Svuil'lower 
River  in  the  Vatoo  Basin  is  .ut  exiuaple  of  a perennial  streiuu  whose  low 
flow  is  sustaineil  In-  groiuid  water  dischai'ge. 

Upland  sti'e;uns  generally  are  gaining  stre;uns  in  areas  luiderlain  by 
ptwloiiiinateh'  sajid\'  deposits  and  are  losi/ig  st  re;u!ts  (to  evaix)t I'anspi ra- 
tion) wliere  reaches  cross  relatively  impeniteahle  dejiosits  of  clay. 

Clianges  in  the  regimen  result  in  clwuiges  in  the  groi.uid  water- 
surface  water  relation.  l.arge  withdrawals  of  ground  water  may  lower  the 
water  table  below  the  water  surface  in  tlie  streimm,  thereby  reversing 
the  direction  of  movement  on  a local  or  regional  basis.  Impoiukljiients , 
by  reversing  the  direction  of  m,ovement  , nuiy  have  the  s;uiie  effect.  Deep- 
ening stre.'un  cliannels  will  temporarily  increase  ground  water  discharge 
to  streams,  i)rovided  the  watei'  sui'face  in  the  streajiis  is  lowered. 

In  summan',  water  iMOvement  in  the  Lower  Mississippi  Region  is  noi'- 
mally  from  aiiuifers  into  stre;uns.  Dining  floods,  the  direction  of  move- 
ment is  reversed,  but  the  effect  on  water  table  aquifers  is  temporary 
and  local. 


''lanagement  Considerat  ions 

The  primary  source  of  gnnind  water  in  the  Lower  Mississippi  Region 
is  the  Mississippi  Rivei'  \'alley  alluvial  aquifer  because  (1)  it  luider- 
lies  about  one-tliird  of  the  region,  ;uid  (d)  it  is  the  source  of  iiKire 
than  two-thirds  of  tlie  potential  ground  water  suiiply.  Tiie  estimated 
yield  of  the  aquifer,  aiiout  10,000  mgd,  is  consenait  ive  and  does  not 
take  into  accoiuit  the  large  groiuul  water  withdrawals  that  may  lx.'  made 
where  well  fields  are  ])roximate  to  streiuiis. 

The  Mississippi  River  Valley  alluvial  aquifer,  like  all  aquifers, 
can  lie  overdeveloped  aiwl  is  now  overdeveloped  in  some  areas  (the  (Irand 
Prairie  Region  in  Arkansas,  for  example).  Tlie  large  (Kitential  yield  of 
the  aiiuifer  can  Ik'  attained  only  by  distribution  of  wi  tiidrawals  with 
attention  given  to  variations  in  hydraulic  characteristics.  The  optimum 
yield  of  the  aquifer,  except  in  localities  where  recharge  may  be  induced 
from  surface  sources,  is  directly  related  to  the  recharge  by  precipita- 
tion on  tbe  surface.  Lowering  tlie  water  table  by  pimiiiing  will  increase 
the  storage  space  in  the  aquifer.  The  aiiuifer  will  be  rejilenished  dur- 
ing the  wet  season  u]i  to  the  limit  of  the  imsaturated  tone  to  transmit 
recharge.  Hence,  the  groiuul  water  supply  in  a luiit  area  is  limited  to 
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the  recharge  tluit  might  occur  in  the  area  if  the  aquifer  is  partly  de- 
watered. The  iiuLximinu  recharge  rate  in  the  alluvial  plain  is  unkjiown  hut 
is  probably  in  tlie  range  of  2 to  b inches;  hence,  tlie  groimd  water  yield 
of  the  aquifer  is  approximately  100, 000  to  nearly  300,000  gpd  j^er  square 
mile.  Withdrawals  exceeding  tlie  recharge  rate  will  reduce  the  thicluicss 
of  the  saturated  zone.  The  zone  of  saturation  iiaist  be  kept  thick  enough 
to  allow  for  well  construction  ;uid  operation. 

•Vlthough  the  Mississijipi  River  alluvial  aquifer  luider  natural  con- 
ditions is  generally  artesian,  water  table  conditions  prevail  in  some 
areas.  In  other  areas,  water  table  conditions  occur  seasonally  as  a re- 
sult of  pumping  for  irrigation  luid,  in  some  areas,  water  table  condi- 
tions arc  pcniument  as  a result  of  continuous  lUDiiping, 

Artesian  aquifers  imderlie  most  of  the  region  and  are  cajiable  of 
supplying  about  one-third  of  the  total  groiuid  water  resource  in  the  re- 
gion. Unlike  the  Mississippi  River  Valley  alluvial  aquifer,  tlie  arte- 
sian aquifers  cimnot  be  imuiaged  in  a immncr  similar  to  that  used  to 
manage  a surface  reservoir.  The  artesi;ui  aciuifcrs  act  as  conduits, 
transmitting  water  from  the  outcrop  (recharge)  area  into  the  subsurface. 
The  ciiKuitity  of  water  available  from  an  artesi;ui  aquifer  is  related  jiri- 
marily  to  tlie  ability  of  the  aquifer  to  transmit  water  (a  fiuiction  of 
physical  properties  of  the  aquifer  and  the  hydraulic  gradient)  and  the 
availability  of  recharge  to  meet  requirements  that  may  result  from  in- 
creased witlidrawals.  Some  additional  water  is  made  availalile  from  stor- 
age as  a result  of  decreasing  pressure.  Larger  quantities  ma)-  result 
from  capture  of  water  lost  to  evapot ranspi rat  ion , leakage  from  other 
aquifers,  or  water  released  from  pore  spaces  of  fine-grained  nuiterial 
during  compaction;  however,  except  for  leakage  these  sources  of  water 
arc  tem]X)rar>'. 

In  this  report,  the  yield  of  artesian  aquifers  is  estimated  for 
pumping  rates  that  might  result  from  an  average  di'awdow7i  of  100  feet  .uiil 
200  feet  during  a 50-year  period  (tabic  23).  It  is  felt  that  ;ui  average 
drawdovv7i  of  100  feet  througliout  iirast  artesiiui  aquifers  will  not  result 
in  serious  consequences  (dewatering,  subsidence,  increased  pumping  lift, 
and  reduction  in  strecuuf low]  in  tiic  Lower  Mississippi  Region  ;md  that 
the  consequences  of  a 200- foot  decline  might  be  accciitable.  Larger  draw 
downs  in  artesian  aquifers  would  not  significantly  increase  tiic  total 
yield  of  the  region  and  the  conseciuenccs  prolxibly  would  not  be 
acceptable. 

'Ilic  effect  of  withdrawals  on  artesiiui  aquifers  was  demonstrated  in 
a study  of  the  Sparta  S;md  [87 j.  buring  a period  of  about  80  years,  the 
water  level  decline  in  the  Sparta  averaged  aliout  70  feet  througliout  the 
region  for  an  average  withdrawal  rate  of  much  less  th;ui  200  mgd.  In 
several  places  (Pine  bluff,  I.l  Dorado,  ;uid  Magnolia,  Ark.,  for  exiunple), 
the  aquifer  is  near  the  (loint  of  overdevelopment  and  altcniate  sources 
of  water  must  lie  found  to  meet  future  needs.  Similar  conditions  in  the 
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sajiie  or  other  aquifers  at  otlier  i)laces  iiuiy  he  avoided  or  minimised  hy 
pkiiming. 


Water  quality  is  a critical  consideration  in  the  utilization  of 
groimd  water.  Ground  water  suitable  for  public  or  special  uses  without 
treatment  needs  to  be  resei'ved  for  these  uses.  Generally,  water  of 
]X)or  quality  is  available  for  use  where  quality  is  not  a consideration. 
Ground  water  may  be  consei'ved  by  utilizing  water  of  tlie  [worest  quality 
that  may  be  compatible  with  ;my  use. 

Groiuid  water  in  the  Lower  Mississippi  Region  generally  is  of  good 
quality,  necxling  treatment  only  for  softening,  iron  removal,  or  pll  ad- 
justment to  meet  standai'ds  for  most  uses.  Most  of  the  aejuifers  grad- 
ually become  saline  with  increasing  deptli.  Hie  degree  of  salinity  at 
any  location  can  Iv  estiimited,  ;uid  witlidrawals  can  Ix'  nude  according!)’. 
Chie  consideration  will  be  in  locating  withdrawals  so  as  to  minimize  tlie 
updip  iTOvement  of  saline  watei'.  Salt-water  intrusion  in  coastal  areas 
is  anotlier  tlireat  that  c;ui  lie  avoided  or  minimized. 

Nbst  of  the  present  overdevelopment  of  groimd  water  can  be  allevi- 
ated liy  developing  alternate  sources  of  water  ;uid  reducing  ground  water 
withdrawals.  Areas  where  large  groiuid  water  witlidrawals  have  not  yet 
resulted  in  overdevelopment  should  be  given  careful  study  to  detennine 
optiimmi  development.  In  the  future,  large  groimd  water  developments 
might  be  located  in  the  most  favorable  parts  of  the  region.  Tliese  areas 
include:  (1)  The  Mississippi  alluvial  jilain  (excejit  in  the  area  in 

WRl’A  2 south  and  west  of  Crowleys  Ridge);  1 2)  western  Kentucky,  north- 
westeni  Mississippi,  ;md  western  I'ennessee,  specifically,  the  area  luider- 
lain  by  the  Mc'mpliis  aquifer  and  its  cxjuivalents;  (5)  h'Rl’A  8 except  the 
Baton  Rouge  area;  ;uid  (4)  Wltl'A  9 excejit  the  coastal  area  ;md  the  Lake 
Gliarlcs  area. 

Considering  the  jirojected  needs  for  groimd  water  in  the  region,  it 
is  essential  that  all  jx3table  water  be  jirotected  from  jiollution.  Ihc 
principal  source  of  jiollution  in  the  southeni  jurt  of  the  region  is  oil- 
field wastes.  Ihese  wastes  are  commonly  disciiarged  into  surface  jiits 
and  allowed  to  infiltrate  into  water  table  aquifers.  Brine  is  commonly 
injected  into  subsurface  saline  zones  by  injection  wells.  Tliere  sliould 
be  assunmee  that  injection  wells  are  jirojierly  constnicted  ;md  that  the 
receiving  stratimi  is  a saline  zone.  Hie  practice  of  injecting  through 
ojien  bore  holes  Ix'low  shallow  or  surface  casing  docs  not  giummtee 
against  jiollution  of  tlie  fresh  water  zone.  Abandoned  wells  need  to  be 
comjiletely  jilugged  to  preclude  the  iixivement  of  water  between  zones  or 
aquifers,  a condition  that  will  be  intensified  as  water  levels  in  fresh 
water  zones  decline  luid  hydrostatic  head  differences  licconie  larger. 

Other  sources  of  jiollution  are  industrial  waste,  agricultural  cliemicals, 
and  sanitary  land  fills. 

Management  considerations  include  plaimed  areal  distribution  of 
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j;roimd  water  withdrawals  to  achieve  optimum  yield;  continued  studies 
of  the  [XJtential  for  artificial  recharge;  resen'ation  of  good  quality 
ground  water  for  highest  priority  uses;  better  delineation  of  shallow 
imd  inteniiediate  saline  water  bodies;  better  delineation  of  the  downdip 
extent  of  fresh  water;  and  the  utilization  of  saline  water. 


r 


xiii-ns  i-oR  :\i)i)rno\.\i.  uata 


C!1  iiiuitology 

A noLH.!  exists  in  climatology  of  tlio  Lower  Mississippi  liasin  for  a 
lu'ttor  definition  of  small  scale  or  microscale  variations  of  tiie  iiumy 
panuneters  tliat  collectively  deteniiine  tlie  climate.  The  ixxiuired  in- 
stnuiientat  ion  aiwl  tiata  aciiuisition  efforts  sliould  Ix'  responsive  to 
indicated  or  ixitential  needs  of  specific  areas  as  it  wouKl  not  be  eco- 
nomically feasiiile  nor  essential  tint  tiie  entire  I.ower  Mississippi  Stud)' 
Reition  receive  tliis  attention  to  detail.  tXir  ver>-  large  urban  areas,  in 
particular,  present  gradual  climatic  cixuiges  in  temperature  ;uid  rainfall 
and  otlier  indices  sucli  as  solar  insolation,  radiation,  air  pollution, 
etc.,  tint  are  not  well  enougii  (.iociniiented  [iresentl)'  to  peniiit  reasonalile 
project  ions. 

It  sliould  also  Ix'  recognized  tint  tlie  Arkmsas-Mississippi  delta 
area  ;uki  to  a lesser  degree  tiie  deltas  of  Xortli  I,ouisiatn  ;uid  tlie 
Missouri  liootlieel  section  comprise  a veiy  imiiortmt  land  area  tint  is 
nuuii[Hilated  liy  man  tlirougli  extensive  crop  ruinagement  procedures  and  ir- 
rigation practices,  and  tins  is  Ix'ing  done  witli  a very  minimum  of  in- 
stnniiental  monitoring,  ubicli  is  a prercxiuisi te  to  meaningful  researcli. 

I'or  river  ;uid  flood  forecasting,  more  data  ;uid  researcli  are  re- 
(.[uired  relative  to  eva]iotnmspirat  ion  and  soil  moisture,  and  additional 
solar  radiation  measurements  are  desiralile  to  increase  tiie  output  accu- 
racy of  tlie  Hydrologic  Conceptual  Model  Ix'ing  adopted  liy  tlie  Xational 
Iveatber  Service. 

Tlie  developing  awareness  of  our  ecology  ;uul  the  nullifications  of 
enviroiunental  conservation  jirognuiis  dictate  added  study  and  research. 
Maximiuii  land  ;md  water  resource  utilization  becomes  increasingly  impor- 
t;uit  and  attention  needs  to  he  devotcxl  to  a higher  degree  of  resolution 
of  diunial  changes  and  to  statistical  luialysis  of  these  short  tenii  ef- 
fects on  plant  :uid  ;mimal  life.  Further  use  of  satellite  imager)'  is  re- 
quired to  iieniiit  better  dociBiientat  ion  of  current  land  ;uid  estuarine  uses 
and  to  develop  optimum  practices  in  the  future. 

i>ne  other  area  of  concern,  in  teniis  of  geological  liiston-,  is  that 
our  climatic  records  are  extremely  short.  Additional  henclunark  stations, 
at  sites  relatively  luiaffected  by  iiuui-made  iiKxli  f icat  ions  of  any  sort, 
are  reiiuired  to  assure  a continuimi  of  basic  data  acquisition  tliat  will 
constitute  authentic,  correlative  climatic  records.  A step  in  this 
direction  is  the  recently  authorized  climatic  benclimark  station  to  Ix" 
established  in  the  near  future  in  the  vicinity  of  Jackson,  Tenn.,  wiiich 
will  complement  data  from  the  other  I.^IR  benchmark  station  established 
in  19(i8  at  the  Calhoiui  l.xperiment  Station  near  Calhoiui,  ki.  The  impor- 
tance of  this  prognun  is  brought  into  shaiqx'‘r  focus  when  we  consider 
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tiuit  gLxUogical  records  indicate  past  climate  iias  varied  cyclically  over 
time,  Kith  glacial  periods  of  120,000  years  long,  ;uid  uanii  intervals  of 
interglacial  periods  lasting  about  12,()U()  years.  Kliicli  way  are  ue 
presently  headed--have  we  readied  our  peak  Kaniiing  in  tliis  interlude  ;uid 
are  we  now  advancing  toward  a new  Ice  Age? 


Miuiy  of  the  data  retiuirements  for  cliiiuitology  have  a jiarallel  need 
in  the  meteorology  field,  and  this  is  to  lie  expected  liecause  iiuich  of  our 
meteorological  forecast  tecliniiiues , the  dyiKunic  models,  ;md  the  jiroce- 
dures  utilized  in  tlie  state  ;md  zone  forecasts,  tlie  severe  weatlier  wani- 
ings,  toniado,  hurricane,  and  flood  forecast  models  that  serve  tlie  Lower 
Mississippi  study  area  liave  lieen  de]iendent  to  a very  consideralile  degree 
on  climate  data. 

lliere  is  a need  for  satellite  imagery  with  a liigher  degree  of  reso- 
lution for  severe  weathei'  and  hurricane  monitoring  ;md  forecasting. 

.'•bre  sopliist icated  radars  witli  impro\ed  rainfall  intensity  evaluation 
are  a reciuirement , and  researcli  is  essential  for  greater  accurac)’  in 
qiuuit  itat  ive  ]irec  ipitat  ion  forecasts.  Automation  of  data  acciuisition 
networLs,  both  for  land  and  by  offshore  iLita  buoys,  is  needed  for  timely 
acquisition  of  data  that  will  ]ieniiit  pronijit  severe  weather,  tropical 
storm,  and  hurricane  warnings  to  be  issued.  Additional  tide  gages  as 
well  as  wave  recorders  for  coastal  areas  ;uid  for  inland  boilies  of  water 
such  as  bike  I’ontcliart rain  are  definitely  needed  to  furnisli  data  for  re- 
search and  study  leading  to  develo]mient  of  iiwre  accurate  storm  surge  and 
stonii  tide  forecasts  for  the  coastal  areas  of  the  lAlR  study  area. 

As  resources  become  available,  regional  studies  need  to  be  insti- 
tuted in  tlie  field  to  better  define  the  jianuiieters , tlie  orographic  luid 
geophysical  or  areal  effects,  and  other  pertinent  factors  that  make  uji 
the  "weather"  in  the  Lower  Mississippi  Basin  vuider  similar  synoptic 
and  upper  air  systems.  Ibis  is  a reciuirement  that  takes  resources  but 
can  definitely  result  in  a better  meteorological  service  to  the  public. 


I'l round  Water 

ilroimd  water  investigations  are  needed  throughout  the  region  to  de- 
fine accurately  tlie  ]X)tential  yield  of  all  aiiuifers.  .Mthougli  present 
ground  water  withdrawals  in  iiKist  areas  can  be  increased,  the  practical 
limits  of  development  must  be  detennined  for  better  planning  and  iiuuiage- 
ment . Reconnaissance  studies  are  needed  to  better  define  the  areal  ex- 
tent, hydraulic  character  ist  ics , ])Otential  yield,  ciualitx'  of  water,  and 
the  effects  of  withdrawals  on  all  aciuifers.  Detailcxi  studies  are  needed 
in  present  and  ixitential  areas  of  large  withdrawal  to  avoid  the  probleiits 
of  local  overdevelopment. 

Studies  are  needed  for  a better  laiderstanding  of  the  grovmd 


water/surl'acc  water  relationship  to  peniiit  evaluation  of  the  elTeets  of 
the  eh;uij^ing  environment. 
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l3iani;es  in  vegetation  resulting  from  urb;ini zat ion  and  hind  clearing 
for  fanning  will  directly  affect  the  jxitential  water  yield  in  tlie  region. 
The  effects  of  these  ch;uiges  on  evaiK)transpirat  ion,  infiltration,  ninoff, 
;md  groimd  water  disciiarge  need  to  he  studied. 

Some  work  lias  been  done  relating  to  tlie  pract  icalii  1 i t\’  of  artifi- 
cial gi'oiukl  watei'  lecharge  to  sliallow  aquifers.  Ihese  studies  should  he 
expanded  in  scope  to  include  all  aquifers.  Investigations  should  in- 
clude methods  of  recharge  hv  flooding  as  well  as  iniection  through 
wells. 

Saline  groimd  water  in  enonnous  quimtities  is  available  in  the 
Lower  Mississippi  Region.  Invest igat  ions  to  detennine  the  ixnential 
yield  of  saline  groimd  water  should  he  continued  in  iiKire  detail  in 
those  areas  where  initial  studies  have  been  made  and  studies  are  needed 
for  tiie  remainder  of  the  region.  I'he  feasibility  of  mixing  saline  and 
fresh  water  to  increase  the  supjily  of  iiotable  water  should  Iv  detennined. 

Hie  LJiuitenian'  alluvial  aikl  terrace  deposits  warrant  special  atten- 
tion as  the  primary  source  of  ground  water  in  the  region,  accoimting  for 
about  two-thirds  of  the  potential  supply.  The  aquifers  in  the  Qiuiter- 
nary  de[iosits  are  adaptable  to  an  atinual  civle  of  withdrawal  and  rc- 
jilenisliment . Withdrawals  iiuiy  be  made  up  to  the  limit  of  the  average 
annual  recharge.  Investigations  are  needed  to  define  the  recharge  rate 
lincluding  variations  by  area  and  conditions  of  precipitation),  the  ef- 
fects of  withdrawals  on  streiunflow,  and  the  effects  on  the  ecology  of 
the  region. 


Streiuiiflow  and  Stage 

ilie  hydrologic  data  stations  in  the  Lower  Mississippi  Region  shown 
in  figure  52  arc  lused  to  obtain  the  stage  and  discharge  infoniiation  re- 
(juircd  for  water  resources  planning  and  the  development  of  jirojects  re- 
quired to  solve  water  related  problems.  The  network  of  gaging  stations 
in  the  region  is  sufficient  to  furnish  a key  to  the  general  coverage  of 
hydrologic  conditions  over  the  entire  region.  However,  additional  sta- 
tions are  needed  to  more  comjiletely  define  the  streimiflow  ;md  miioff 
characteristics  of  many  of  tlie  subbasins  within  the  region,  line  of  the 
greatest  deficiencies  in  streiuiiflow  data  is  on  the  tributaiy  streiuiis 
with  small  drainage  areas,  most  of  which  are  located  in  the  upper 
reaches  of  the  main  tributarx’  stre.uiis.  Rimoff  characteristics  of  both 
targe  imd  small  basins  should  be  gaged  to  define  the  low,  mean,  and  iK\ik 
flows  imder  various  climatologic  and  topographic  conditions  in  the 
region. 
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Meim  discharge  ckita  t'or  monthly  flows  at  stre;uiiflow  gaging  stations 
located  througiiOLit  the  [,ower  Mississippi  Region  are  presenteii  in  this 
appendix.  Tlie  average  period  for  whicli  discliarge  data  were  available 
for  the  stations  is  25  years.  It  should  he  noted,  however,  that  19  sta- 
tions liad  periods  of  record  less  tlian  15  years  in  length.  Tliis  period 
was  considered  sufficient  in  computing  frc\iuenc>'  :md  duration  data;  how- 
ever, a longer  period  of  lecord  is  desired  to  olitain  iiKire  reliable  in- 
fomation.  At  several  stre;miflow  gaging  stations  located  at  or  near  tlie 
reservoir  sites,  a sufficient  period  of  record  of  flow  was  not  available 
for  computing  statistical  data. 

In  order  to  achieve  a better  luiderstanding  of  the  principles  of 
flow  pattenis  in  the  coastal  area,  more  stre;uiiflow  gaging  stations 
should  be  developcxi.  Very  few  discharge  stations  are  included  in  the 
coastal  areas,  ;md  deteiTiinat ion  of  mean  flows  generated  witliin  the 
coastal  hater  Resources  riaiming  Areas  was  a j)articular  problem  in  the 
preparation  of  data  for  this  appendix. 

Ilie  data  collected  at  gaging  stations  where  discharge  records  are 
obtained  by  use  of  a water-stage  recorder  ;md  a stage-discliarge  rela- 
tionship, combined  with  inteniiittent  discharge  measurements,  are  suffi- 
cient for  iLse  in  cominiting  peak  flow  ;md  low  flow  fretiuency  ckita  and  du- 
ration data.  However,  data  collected  at  crest-stage  gage  and  peak  flow- 
measurement  stations  are  insufficient  for  computing  low  flow  or  duration 
data.  In  general,  there  was  a definite  lack  of  low  flow  data  for  gaging 
stations  in  immy  parts  of  tlie  region,  especially  in  the  smaller  drainage 
basins  wiiere  changes  in  land-use  patterns  :ind  climate  could  apjireciably 
affect  the  low  flows.  The  low  flow  frequency  infomiation  is  of  particu- 
lar imjiortance  in  providing  a basis  for  the  design  of  water  suiij)l>-  res- 
ei-voirs,  waste-disposal  systems,  for  sujiplemental  irrigation,  and  for 
fisli  imd  wildlife  propagation. 

llie  LI.  S.  Geological  Survey  has  originated  a system  of  putting  most 
of  the  records  of  daily  discharge  data  in  digital  storage  and  computing 
specific  statistical  infoniiation  from  this  data.  Hxpansion  of  this  sys- 
tem to  include  all  of  the  streiuiiflow  and  stage  gaging  stations  within 
the  Lower  Mississippi  Region  would  Ix'  a worthwhile  task.  Additional 
studies  siiould  be  nuide  icsing  this  data  to  deteimiine  tlie  effect  of  cli- 
matic, topographic,  and  man-made  clumges  on  the  streamflow  cliaracteris- 
t ics  of  the  major  basins.  Tlie  effect  of  clvinging  land-use  patterns, 
cultural  practices,  methods  of  watershed  protection,  luid  urbiuiization  on 
the  strciuiiflow  characteristics  ;uid  natural  basin  nuioff  should  also  lx 
evaluated. 

More  detailed  studies  of  the  effects  of  changes  in  streamflow 
pattenis  on  the  sedimentation  of  streams  in  the  region  should  lx  made. 
The  chief  sources  of  erosion  should  be  identified,  and  estimates  of  the 
qiKintitics  of  sediment  yields  from  each  source  should  be  derived.  Tliis 
information  will  be  of  great  value  in  foniiing  iixasures  to  reduce  or 
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control  soi-liment  ;md  erosion  in  streujns  and  in  tltc  planning  of  future 
elnmnel  modification,  flood  control,  ;md  navigation  projects. 


Water  Use 

Adequate  infonaat  ion  on  water  use  is  basic  in  the  jil^utning  ;ind  iiun- 
agement  of  water  resources  in  the  region.  The  use  of  water  has  a pro- 
noiuiced  effect  on  the  supply  and  deiiumd  relat  ionsliip  because  some  of  tlie 
various  uses  deplete  t!ie  supply  wliile  others  do  not.  Tlie  ajDoiuit  of 
water  diverted  from  the  stre;uns  is  of  great  importance,  but  of  equal  im- 
portance is  the  iuuoiuit  of  water  wliicli  is  returned  directly  or  indirectly 
to  the  source  of  supply. 

Inventories  of  the  anount  of  water  diverted  from  the  streans  imd 
the  amoiuit  consumed  sliould  be  maile  by  more  systematic  and  standardized 
methods.  The  responsibil it>'  for  the  collection  of  the  water-use  data 
should  be  delegated  to  one  agency  to  avoid  misinterpretation  of  the  data 
;md  duplication  of  effort. 

Flow  Velocit)'  St ud i es 

lew  time  oT  travel  studies  have  been  imdertaken  ;uui  comiUeted  on 
streiuns  in  tlie  bower  Mississijipi  Region.  Of  those  studies  completed, 
results  from  streams  in  WRl’A  7 are  the  only  ones  published  to  ilate.  llic 
remainder  of  the  data  were  derived  from  ]ireliminary  sources.  On  some 
of  the  streiuiis,  the  flow  velocities  ivere  derived  for  rather  high  flows, 
rhe  most  importimt  time  of  travel  data  should  be  derived  for  conditions 
of  low  flow. 

Time  of  travel  infoniiation  should  be  derived  for  the  Mississiiqii 
River  and  all  the  main  tributaiy  streiuns.  Investigations  should  also  be 
luidcrtaken  on  small  streams  wliich  may  be  affected  li>'  pollution  from  any 
source.  The  time  of  travel  studies  should  be  nvide  at  various  river 
stages  and  at  various  stations  along  the  streiuii  so  that  a realistic 
evaluation  of  the  ca[iacity  of  the  stre;uii  to  carr>’  effluent  at  all  ranges 
of  flow  c:m  be  established.  Time  of  travel  studies  during  periods  of 
flooding  would  be  useful  in  detennining  the  effect  that  clrmnel  imiu'ovc- 
ment  iirojects  have  on  stream  velocities  and  times  of  concentration,  ;md 
on  peak  flows  generated  in  the  basins. 

Drai nage  .Aivas 

One  oT  the  basic  panuiieters  in  miking  a Inalrologic  study  I'egarding 
low  or  flood  frcHjuency  analysis,  rainfal  1-ninoff  correlat  ions , or  de- 
sign of  structures  to  retard  or  control  flows  is  the  size  of  the  drain- 
age area  of  the  basin  being  studied.  Tiie  drainage  areas  of  most  of  the 
streams  in  the  lower  Mississippi  Region  are  derived  only  at  gaging 
stations  along  the  streiuiis,  and  can  be  obtained  from  stage  or  discharge 
publications  printed  by  the  Corps  of  engineers  and  the  II.  S.  Cr'ological 
SiUTey.  Iliese  drainage  areas  at  the  gaging  sites,  however,  arc  not 
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always  suitable  for  hydrologic  studies  on  certain  ungaged  reaches  of 
strciuus  on  which  a project  is  to  l^e  considered. 


In  1971,  a publication  entitled  "Drainage  Area  of  i.ouisiana  Streams" 
was  completed  by  tlic  U.  S.  Geological  Survey  iuid  tlie  Louisiana  De]:)art- 
ment  of  Public  UorLs.  The  drainage  area  infonnation  presented  in  this 
publication  is  a great  aid  in  alleviating  the  jn-oblems  of  establisliing 
drainage  areas  mentioned  in  tlie  preceding  paragraph.  Additional  drain- 
age  area  publications  such  as  the  abov'e  aie  needed  to  cover  the  remain- 
ing areas  of  the  Lower  Mississippi  Region. 


W R 1’  A 1 


I.VIKOIHII.TION 


KRl’A  1 COILS  ists  of  tlic  stcMii  of  the  Mississippi  Rivci  from  tiie 

mouth  of  tlic  Ohio  Riv<.r  to  the  (iulf  of  Mexico.  It  includes  tlie  nuiin 
stem  levees  ;uk1  extends  to  the  top  liank  idiere  no  levees  exist.  Mtl’A  1 

is  composed  of  J,435  square  miles  of  laikl  and  ivater  and  occupies  2.4  per- 
cent of  the  Lower  Mississi]ipi  Rej;ion.  About  575  square  miles,  or  24  per- 
cent of  the  area,  arc  covered  with  water  and  the  remaining  l,80(i  square 

miles  are  land.  Hie  area  is  about  1,000  miles  in  length,  averages  less 
th;ui  10  miles  in  width,  ;ind  includes  jxirts  of  seven  states  - Missouri, 
Illinois,  Tennessee,  Kentucky,  Arkansas,  Mississippi,  ;uid  Louisiana. 
Llevations  in  the  area  witliin  the  levees  or  top  bank  vary  from  mean  sea 
level  in  the  area  south  of  New  Orleans,  La.,  to  above  elevation  500  in 
tlie  vicinity  of  Cairo,  111.  Figure  o8  shows  the  UllRA  boiuidaries,  streaii. 
jiattenis,  state  lines,  maior  cities,  luid  other  jiertinent  features  of 
KRl’A  1. 

The  entire  area  of  KRl’A  1 lies  witliin  the  alluvial  valley  of  the 
Mississippi  River,  lliis  valley  is  a broad,  gently  sloping  lowland 
which  begins  near  the  upper  end  of  the  region  ;uid  extends  to  the  Culf  of 
Mexico.  Tiiis  lowland  varies  in  width  from  50  to  125  miles  ;md  lias  ;m 
average  width  of  45  miles.  Soils  in  the  valley  are  tnily  alluvial  from 
a geological  point  of  view  and  consist  mainly  of  sands  and  silts,  gi'ad- 
ing  progressively  to  very  fine  sands  and  silts  in  tlic  lower  portion  of 
the  area.  Scattered  through  these  sand  and  silt  deposits  are  extensive 
dejxisits  of  clay.  .As  is  t>iiical  of  streams  flowing  through  alluvial 
valleys,  the  Lower  Mississippi  River  has  developed  a highly  sinuous 
course,  creating  numerous  meander  loops  and  bends.  It  has  also  shifted 
its  clKuinel  from  time  to  time  so  that  parts  of  the  alluvial  plain  have 
been  reworked  many  times,  thus  contributing  to  the  complexity  of  the 
soil  stnicture  of  the  area. 

A well-defined  characteristic  of  alluvial  water  courses  is  the 
fonnation  of  natural  levees  of  heav>’  sediments  near  the  streiun  b;mks. 

Tliis  results  in  drainage  away  from  the  stre;uii  to  low  groiuid  near  the 
valley  walls,  ;uul  bottomland  drainage  by  stre;uiis  running  parallel  to 
the  main  stre.'uii  and  joining  it  through  major  tributaries  or  at  tpoints 
where  the  main  stream  meanders  close  to  the  valley  wall.  This  jiattern 
of  [jarallcl  drainage  is  well  developed  in  the  alluvial  valley  of  tlic 
Mississippi  River. 

;\nothcr  distinct  physiographic  feature  of  KRl’A  1 is  the  Loess  Hills 
wliich  follow  the  Mississippi  River  from  the  vicinity  of  Cairo,  111.,  to 
below  Natchez,  Miss.  These  hills,  wtiich  are  the  results  of  aggradation 
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of  the  soil  by  tlio  forces  of  wind,  cati  be  recognized  by  tlieir  almost 
vertical  bluffs. 

The  only  stre;un  in  WRl’A  1 is  the  Mississippi  River.  It  rises  near 
hake  Itasca  in  Mijinesota  :uid  flows  southward  about  2,350  miles  into  the 
dulf  of  Mexico.  Hie  river  receives  drainage  from  parts  of  two  Canadian 
Provinces  ;uid  31  states,  whicli  makes  the  Mississippi  River  Basin  the 
tliird  largest  drainage  area  in  the  world.  This  basin  covers  more  than 
1-1/4  million  square  miles  or  about  41  percent  of  the  total  land  area 
of  tlie  48  contiguous  states  of  tlie  United  States  [127].  Tlie  main  stem 
Mississippi  River  channel  below  Cairo,  111.,  carries  runoff  from  about 

022.000  square  miles  of  drainage  area  concentrated  at  Cairo  by  the 
iqiper  Mississijipi  ;uid  Ohio  Rivers,  ;md  augmented  by  ruitoff  from  about 

324.000  square  miles  of  intervening  drainage  area  lx?tween  Cairo  and  the 
liulf  of  Mexico. 

Several  major  cities  within  the  Lower  Mississippi  Region  are  lo- 
cated adjacent  to  KRl’A  1.  The  economic  development  of  these  cities 
can  be  attributed  in  part  to  the  development  of  the  Mississippi  River 
as  a major  inland  waterway.  New  Orleans  has  tecome  a major  seaport  for 
international  trade  ;md  has  a diversified  industry  associated  with 
world  trade.  Baton  Rouge  is  a major  shipping  and  receiving  port  for 
cinde  oil  and  petroleum  products  by  pipeline,  sea-going  vessels,  and 
river  barges.  Between  New  Orlecms  and  Baton  Rouge,  a nuijor  industrial 
area  is  expanding  at  a spectacular  rate.  Memphis,  Tenn.,  is  now  noted 
as  the  largest  industrial  ;md  transportation  center  between  St.  Louis 
and  New  Orleans,  luiving  excellent  water-rail-highway  tenninal  facili- 
ties. Industry  in  other  major  centers  such  as  Natchez,  Vicksburg,  ;ind 
Creenville,  Miss.,  lias  been  limited  in  general  to  the  liandling  and 
processing  of  agricultural  products  ;md  retail  scii'icc  establ isliments 
[128|. 
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Strciunt'loK  \s1\ich  is  generated  witliin  Kltl’A  1 must  originate  eitiier 
from  precipitation  on  the  surface  of  the  Mississi[ipi  River  or  from  rim- 
off  from  the  Icuid  areas  !x>tween  tlie  ch;mnel  and  tlie  levees  or  the  top 
hank.  Tlie  accurate  measurement  of  tliis  interior  discliarge  is  difficult 
to  obtain  due  to  tlie  large  volimie  of  water  idiich  flows  into  the  area 
‘ from  outside  sources  and  flows  through  the  area.  Therefore,  only  the 

I incoming  flows  to  the  area  and  the  total  flow  discharged  from  the  area 

were  derived  for  this  studv’.  These  flow  values  arc  [ii'esentcxl  in  the 
! following  section. 


ijuant  ity 

The  mean  imnual  discharge  at  the  mouth  of  the  Mississippi  River  is 
about  453,000  c.f.s.  lliis  flow  constitutes  about  08  percent  of  the 
total  flow  discharged  in  the  Lower  Mississippi  Region.  .Mi  additional 
flow  averaging  about  120,000  c.f.s.  is  diverted  from  the  Mississippi 
through  the  Old  River  Control  Structure  to  the  .Atchafalaya  River. 

Inflow  into  IfRl’.A  1 from  other  areas  occurs  at  intervals  along  the 
.Mississippi  River  from  Cairo,  111.,  to  the  Culf  of  Mexico.  The  major 
(lortion  of  inflow  into  the  area  is  from  the  Ohio  aiui  l)p]ier  Mississippi 
Rivers,  wliich  contribute  a combined  mean  annual  flow  of  about 
452,000  c.f.s.  into  the  area.  .Vlditional  inflows  from  the  Uliite,  Arkan- 
sas, and  Red  Rivers  total  about  25,000,  40,000,  and  31,000  c.f.s., 
respect  ivel)’. 

Present  lltilication 

One  of  the  United  States'  greatest  industrial  attractions  is  the 
Mississippi  River,  whose  water  has  Ivcome  so  important  to  iiwlustr)'  that 
it  i;  now  regarded  as  an  indisticnsihle  raw  material  for  both  processing 
purjioses  and  transportation  of  products.  Port  and  teiTiinal  facilities 
along  the  .Mississippi  River  are  rapidly  exiianding  to  li;uulle  increased 
river  commerce.  Large  quantities  of  cooling  and  processing  water  are 
being  withdrawi  by  the  basic  metal  and  petrochemical  industries  which 
are  still  growing  rapidly  in  the  Baton  Rouge  to  \ew  tlrleans.  La.,  area. 

Water  for  major  agricultural  uses  and  for  irrigation  is  currently 
supiilied  from  wells,  local  impoLUidments , and  nearby  lakes  and  stre;u;is. 
Hiere  are  no  significant  agricultural  or  municipal  diversions  from  the 
main  streiuii  .'■liss iss ippi  River,  and  no  large  .scale  diversions  are  ex- 
pected in  the  near  future. 

The  main  stem  of  the  Miss i ss i[ij)i  River,  together  with  lakes,  bayous, 
and  trihutan-  streams  within  the  nuin  stnii  floodway,  supports  a suh- 
st.'Uitial  coiiiiierc ial  fishing  and  wildlife  habitat.  TimlK'ied  areas  in 
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the  main  .stem  floodway  support  y;uiie  uliich  provides  subst;mtial  employ- 
ment for  eommereial  trapi^ers  and  guides,  flie  coastal  plains  area  sup- 
ports widespread  emplopient  in  oyster  fisheries  ;uid  commercial  trapiung 
of  muskrats,  i'liese  ai'c  liotli  dependent  to  a large  extent  on  tlie  control 
of  salinity  and  silt  movement  in  the  coastal  region.  The  Mississij^pi 
River  is  also  icscxi  by  vacationists  from  all  parts  of  the  nation  for 
fishing,  boating,  and  water  sports  during  tlie  suiimier  months. 

Witlidrawals  and  utilization  of  surface  water  sources  in  KTd’A  1 from 
the  Mississippi  River  during  l‘J70  were  allocated  to  tlie  adjacent  Water 
Resources  I’lanning  Areas  for  inilil  icat  ion  in  this  report.  Therefore,  no 
water  use  data  are  presented  in  tliis  section. 

St  re:un  Mimagement 

ilie  Mississipjii  River,  without  question  .America's  greatest  river, 
has  made  ma  jor  contr ibut  ions  to  tlie  physical  ;uid  economic  growth  of  the 
nation.  ,\s  a navigation  artery,  it  is  of  great  importance  to  the 
commerce  of  the  nation.  It  is  the  chief  supply  of  water  for  many  in- 
dustries located  along  its  banks,  iiie  Mississippi  is  one  of  the  United 
States'  iiKist  outstanding  assets  and  this  is  being  emphasized  more  ;md 
more  as  the  nation  continues  to  grow.  Uncontrolled,  the  river  could  Ix' 
a great  liability.  For  these  reasons,  ;ui  effective  system  of  stream 
management  in  W'RJ’A  1 on  the  Lower  Mississippi  River  is  essential. 

Flood  control.  ,\  comprehensive  plan  of  streiuii  management  is  ui  ef- 
fect to  jirovide  flood  [irotection  for  a large  part  of  the  allmial  valley 
of  the  Mississippi  River,  fliis  flood-control  [ilan  involves  the  blending 
of  a luonber  of  features  including  levees  for  containing  flood  flows, 
floodways  for  the  passage  of  excess  flows  jiast  critical  reaches  of  the 
Mississippi  River,  chaiuiel  improvement  and  stabilization  to  increase  the 
flood-carrying  capacity  of  the  river,  and  tributary  basin  improvements 
for  major  draiiuige  ;md  flood  control  through  use  of  d:mis,  pumping  plants, 
auxiliary  channels,  ;uid  other  foniis  of  flood  protection. 

The  project  design  flood.  .A  study  was  initiated  in  1950  to  deter- 
mine nuLximiun  I low  lines  lor  which  flood-control  elements  along  the  Mis- 
sissippi River  should  be  designed.  Several  combinations  of  severe 
stoniis  in  the  tributary  basins  were  studied  and  their  position,  sequence, 
intensit)',  and  riuioff  factors  were  modified  to  produce  the  maxiimun  asso- 
ciated runoff  in  tlie  Mississippi  River.  Of  the  four  h>iiothet ical  se- 
quences selecteil  for  final  study,  the  one  whicli  produced  the  maximum 
luiregulated  discharge  at  all  key  stations  below  the  Ohio  River  was  con- 
sidered as  tlie  best  estiiiuite  of  the  largest  flood  in  the  Lower  Missis- 
sijipi  River  for  which  protection  should  be  provided. 

file  unregulated  flows  at  key  stations  in  tributaiy  basins  were  modi- 
fied then  routed  through  the  stream  system  in  accordance  with  the  phmned 
ojicrat  ion  of  existing  ;uid  prospective  reservoirs  to  deteniiine  the 
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approxijnate  cumulative  effect  that  the  reservoirs  have  on  flow  in  ttie 
main  stem. 

The  study  considered  a group  of  107  resenoirs  tlien  existing  or 
luider  construction  designated  as  "(iroup  f,"  ;md  ;m  additional  group  of 
44  others  designated  "Group  l-V  whose  future  construction  was  reasonably 
certain. 

Hie  h>'{X5thetical  flood  whicli  produced  tlie  largest  luiregulated  flow 
at  key  stations  on  tlie  iiuiin  stem  also  produced  tlie  largest  flood  hotli 
with  ;md  without  regulation,  and  was  tlierefore  selected,  with  "Grouj)  liX" 
reservoirs  operating  as  tlie  project  design  flood.  Tlie  jirofile  of  tlie 
project  design  flood  is  shown  in  figure  89  ;uid  tlie  associated  peak  dis- 
charges are  shown  in  figure  09,  a schematic  diagriuii  of  the  jiroject  de- 
sign flood.  The  various  diversions  of  flow  through  floodways  which  are 
to  be  operated  during  the  project  design  flotxl  or  ;uiy  other  severe  flood 
arc  also  shown  in  figure  09. 

txnees . 'Ilie  iiuiiii  stem  levee  system,  consisting  of  levees,  flood- 
walls,  and  various  control  structures,  will  he  about  J,200  miles  in 
length  upon  completion.  .Aliout  l,(iOU  miles  lie  adjacent  to  the  Missis- 
sippi River  ;uid  hOO  miles  lie  along  the  south  Ixuiks  of  the  Arkansas  and 
Red  Rivers  and  in  the  Atchafalaya  Ihisin.  To  date,  about  1,550  miles  of 
levee  have  been  completed. 

;\s  a result  of  iiuuiy  years  of  vvork,  the  Mississippi  River  has  lieen 
effectively  confined  between  tlie  levees.  Tlie  levee  line  on  the  west 
Ixuik  begins  south  of  Gape  Girardeau,  Mo.,  ;uid,  except  for  structurally 
controlled  gaps  where  tlie  St.  I'rancis  and  the  Arkansas-Uhi te  Rivers  join 
the  Mississippi,  extends  luibroken  to  the  Gulf  of  Mt'xico.  There  arc  navi- 
gation locks  through  this  levee  line  at  I’ort  Allen,  La.,  at  two  loca- 
tions near  New  Orleans,  ;uid  at  liiijiire.  La.  On  the  east  bank  of  the 
river,  levees  alternate  with  high  bluffs  to  jirovide  flood  jirotection  for 
areas  between  Gairo  and  the  Gulf. 

Floodways . If  the  carrv'ing  capacity  of  the  leveed  ch;mnel  of  the 
Mississippi  River  is  exceeded  during  a nujor  flood,  relief  outlets 
through  the  Birds  Point-New  M;idrid  Moodway,  Atchafalaya  Basin,  ;md 
Bonnet  Garre  Floodways  arc  utilized  along  with  the  storage  capacity  of 
flat  lowlands  at  junctions  of  Mississippi's  major  tributaries.  These 
backwater  areas  serve  as  resenoirs  to  store  water  during  floods.  They 
are  usually  protected  from  lesser  floods  liy  interior  levee  systems  tliat 
arc  designed  to  lie  ovcrtoiipcd  liy  iivijor  floods.  A schematic  diagr.un  of 
the  floodways  showing  their  capacity  in  passing  tlie  project  design  flood 
is  presented  in  figure  b9. 

The  east  Ixuik  bluffs  :uul  tlie  levees  on  the  west  b;uik  of  the  Missis- 
sippi River  between  Gairo,  111.,  and  New  Madrid,  Mo.,  form  a narrow 
ch.'uinel  through  which  the  river  must  flow  at  high  stages.  To  protect 
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the  city  of  tiairo  ;uul  reduce  flood  heights,  a setback  levee  was  built 
alx)ut  5 miles  west  of  the  riverfront  levee.  The  strip  of  lajid  between 
tlie  setback  levee  and  the  levee  adjacent  to  tlie  river  foniis  the  Bird;- 
I’oint-N'ew  Midrid  IToodway  (figure  W) . At  extremely  higli  stages,  water 
enters  tlie  floodway  through  fuseplugs  at  t'.airo  ;md  reenters  tlie  main 
river  above  Nevv  Ntidrid.  Tlie  floodway  was  opcratoil  onl>’  in  1957  :uid  was 
of  great  aid  in  reducing  flood  heights  at  ;uid  above  Cairo. 

from  the  latitude  of  Red  River  binding,  the  project  flood  is  con- 
veyed to  the  Culf  of  Mexico  via  tlie  Mississippi  ;uk1  Atcliafalaya  Rivers 
with  each  carrx'ing  approximately  one-hall  of  the  total  flow.  Of  tiie 
portion  remaining  in  the  iiuiin  Mississippi  Cluuinel  below  ''brganca  flood- 
way,  roughly  one-sixth  is  diverted  to  Like  font cliart rain  and  tlie  Culf  of 
Mexico  tlirough  the  Bonnet  Carre  Spillway  located  about  J5  miles  above 
\ew  Orleans,  fa.  The  Bonnet  Carre  Spillway  was  operated  in  1957,  1945, 
1950,  and  1975. 

I'liat  ]Kirt  ion  of  tlie  flow  diverted  from  the  Mississippi  River  is 
carried  by  the  Atcliafalaya  River  and  West  Atcliafalaya  floodway  (along 
with  flow  from  the  Red  River),  ;uul  by  the  7brgan:a  floodwa\’.  Hie  West 
Atcliafalaya  IToodway  is  controlled  by  a fuseplug  levee  at  its  head  and 
the  'brganta  IToodway  is  controlled  by  a gated  spillway  in  the  Missis- 
si  pin  River  levee  near  Nbrganra,  l.a.  Hie  .''brganza  ;uid  (Vest  Atcliafalaya 
IToodways  follow  down  on  opposite  sides  of  the  Atcliafalaya  River  luitil 
the  end  of  the  levee  system  along  the  Atcliafalaya  River  is  reached; 
there  they  merge  into  a single  broad  floodway  that  jiasses  the  flow  to 
the  Culf  through  two  outlets,  IVax  i.ake  luid  Bemick  Huy.  Tlie  li'est 
Atcliafalaya  IToodway  has  not  been  used.  The  'brganza  IToodway  was  used 
in  1975  tor  the  first  time. 

Channel  improvement  and  stabilization.  Uork  to  improve  and  stabi- 
lize the  channel  of  tlie  Mississijipi  River  consists  of  cutoffs  to  shorten 
the  river  and  reduce  flood  heights,  revetment  to  curtail  the  river's 
tendency  to  meander,  dikes  to  direct  flows  in  the  chimnel , and  dredging 
to  realine  the  chimnel. 

By  194J,  a total  of  1(>  cutoffs  ;md  two  iiuijor  chutes  had  been  dc- 
velopcxl.  It  is  estimated  that  these  uii]irDvemcnts,  when  made,  lowered 
river  stages  about  l(i  feet  at  Arkiuisas  City,  Ark.,  ;uid  10  feet  at  Vicks- 
burg, Miss.  Hiese  cutoffs  are  still  intact  and  effective;  however, 
channel  efficiency  has  since  diminished,  raising  stages  by  2 to  5 feet, 
ibis  is  due  primarily  to  the  instability  introduced  by  the  cutoff  pro- 
gram ;md  the  persistent  tendency  of  the  river  to  me.-uidcr.  Tlie  lo  cut- 
offs have  reduced  the  river  distance  from  Memphis,  Tenn.,  to  Baton 
Rouge,  Ixi.,  by  about  114  miles  |122j. 

j\n  importiuit  asiiect  of  the  Mississippi  River  flood-control  luid  navi- 
gation i)l;ui  is  the  stabilization  and  protection  of  the  rivcrbimks.  Mtmy 
t>pes  of  protective  works  including  willow,  lumber,  ;uid  asphalt 
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iiuit tresses , have  lieen  irsed  in  tlie  past.  To  i.late,  the  iiwst  economical 
;u\J  effective  means  of  protect  inj;  tlie  hcuiks  from  caving  and  erosion  is 
revetment  comiHJsed  of  ;ui  articulated  concrete  m^ittress  imdenvater  .and 
stone  or  ri[)rap  paving  above  tlie  water.  Tlie  concrete  iiuittress  and  stone 
paving  are  liotli  placed  on  graded  Ivink.  .\s  of  dime  1‘.'70,  revetment  ot 
the  Ixuiks  of  the  Mississippi  River  liad  extended  to  over  hlU  miles  in 
lengtii  11:J]. 

Dikes  are  irsed  to  regulate  or  contract  tlte  uidtli  of  tlie  Mississippi 
River  clnuinel  during  [leriods  of  low  water  and  direct  tlie  cluuinel  into  a 
favorable  alinement.  The  dikes,  constructed  of  timltc'r  [liling  and  rip- 
rap or  criLsiied  stone,  are  usual  Iv  placed  in  the  convex  part  of  bends 
wliere  the  channel  crosses  to  tlie  opposite  shore,  fliey  are  also  used  to 
assist  in  the  closing  of  secondan'  chiuinels  and  chutes.  To  date,  about 
115  miles  of  dikes  have  been  constincted  on  the  Mississijipi  River  [122! . 

Dredging  is  emjiioyed  on  the  Mississippi  River  to  complete  the  per- 
iiument  alinement  of  the  clumnel  ;md  to  clear  away  remaining  ohstmet  ions 
in  the  channel  to  maintain  a low  water  navigation  channel  D feet  in 
depth  and  300  feet  in  width.  tTitterhead,  dustpan,  and  liopjier  type 
dredges  are  used  to  dig  and  remove  nuiterial  from  the  channel  and  dis- 
charge it  through  long  pipelines  to  deposit  it  away  from  the  chimnel  or 
wherever  it  is  neeiled  for  filling  dike  fields  or  closing  secondaiy 
chiuinels. 

Results  of  flood-control  works.  Tlie  effectiveness  of  comjilcted 
f l(X)d-cont rol  worlcs  on  the  Mississippi  Rii'er  has  Ix'en  demonstrated 
on  several  occasions  as  attested  by  the  successful  operation  of  the 
Bonnet  Carre  Spillway  (figure  DD J during  the  1D45  flood.  I'he  (leak  dis- 
charge of  the  1945  flood  at  Red  River  binding  was  onl>-  10  percent  less 
than  the  estimatei.1  peak  discharge  of  the  1927  flood  at  tlie  same  latitude. 
The  1927  flood,  considered  to  be  the  greatest  flood  to  occur  in  the 
bower  Mississipjii  \alley,  iiuuidated  about  20, 000  square  miles,  killed 
214  persons,  and  resulted  in  property  dimuige  of  J3o  million  dollars, 
whicli  is  equivalent  to  more  tliiui  one  billion  dollars  todav.  A repeat  of 
that  disaster  would  have  been  likely  in  1945  in  tlie  absence  of  flood- 
control  improvement.  However,  the  Bonnet  tarre  SiHllway  was  ojierated 
to  provide  protection  for  the  city  of  New  Orle;uis,  and  all  of  the  main 
line  levees  lield  and  greatly  reduced  tlie  potential  d;ui\age  to  property, 
crops,  and  huiiuui  lives. 

Another  fkxxl  occurred  on  the  bower  Mississippi  River  in  1950  when 
diuiiage  estimated  at  about  h.o  million  dollars  occurred  in  luiprotected 
backwater  areas,  ihose  dmiiages  would  have  lieen  nearly  20  times  greater 
had  not  the  main  line  levees  and  completed  tributaiy  works  Ix'en  in  oper- 
ation. Since  1928,  tlie  flood-control  works  within  the  bower  Mississippi 
Valley  have  prevented  flood  dtuiiage  in  excess  of  8.5  liillion  dollars  and 
have  resulted  in  a vast  amoiuit  of  intangilile  Ix-nefits  such  as  prevention 


of  loss  of  life  ;md  promotion  of  health,  welfare,  and  security  of  the 
citizens  of  tlie  alluvial  valley  |ld2|. 


■Navigation.  .Navigation  along  tlie  ^Iississil)pi  River  is  one  of  the 
iiK)re  uiiportant  uses  of  water  in  tlie  l,ouer  .'lississippi  Region.  The  Mis- 
sissipin  River  is  the  main  stem  of  the  network  of  inland  navigable  water- 
ways whicli  fonii  a water  transportation  system  of  about  12, .350  miles  in 
lengtli,  not  including  tiie  1,175  miles  of  bulf  Intracoastal  IVaten^ay  or 
its  connecting  inland  ;uid  (lulf  Coast  streams.  Tliis  giant  system  of 
waterways  includes  tlie  Oliio,  Missouri,  Illinois,  .Arkansas,  ;uid  Tennessee 
Rivers  ;md  e.xtends  to  tlie  midwest  and  the  industrial  east.  Heavy  com- 
mercial traffic  includes  grain,  coal,  petroleimi  products,  nonmetallic 
minerals,  metal  products,  building  nuiterials,  s;md  ;uid  gravel,  salt, 
sulphur,  cliemicals,  ;uid  various  other  jiroducts.  .Also,  niuiy  ideasure 
craft  from  all  parts  of  tlie  nation  now  use  the  Mississippi  River  for 
vacation,  travel,  tuid  water  .sports  [152]. 

Currently,  a navigation  clwumel  of  b-foot  depth  ;md  500- foot  width 
is  maintained  on  the  Mississippi  River  between  Cairo,  111.,  ^md  Baton 
Rouge,  La.  The  development  of  a navigation  channel  for  oceangoing 
traffic  in  the  reaches  Ivlow  Baton  Rouge  was  authorized  in  1945.  Current 
depths  ;md  widths  of  the  clwuinel  between  Baton  Rouge  aiwl  .New  Orle;ms  are 
about  40  and  500  feet,  respectively,  from  .New  Orle;uis  to  Head  of  Passes, 
the  clvuinel  is  about  40  feet  in  depth  and  1,000  feet  wide.  Hc-pths  of 
the  various  passes  range  from  50  to  40  feet  ;uid  clwmnei  widths  from  450 
to  800  feet . 

'llie  navigation  depths  are  nuiintained  in  tiie  Lower  .\Iississii>pi  River 
by  drcxlging.  Tlie  navigable  cluuinel  consists  of  a series  of  jiools  inter- 
rupted by  bars  or  crossings  wliich  occur  where  the  stream  current  crosses 
from  one  side  of  the  ch;uinel  to  the  otlier  ;uid  deposits  s;md  in  the  fonii 
of  bars.  Tlie  variable  depths  of  the  river  at  these  crossings  deteniiine 
the  available  navigation  depths,  flie  number  of  crossings  dredged  and 
redredgcxl  ;uid  the  imioiuit  of  dredging  reipiired  in  any  one  low  water  sea- 
son depend  largeli'  ujion  the  duration  of  the  low  water  .season  and  fre- 
quency of  stage  fluctuations  during  the  low  water  season.  These  factors 
directly  affect  the  stability  of  dredge  cuts  in  the  river's  simdy  bed. 

Ilie  dredging  rcxpiireil  to  maintain  tlie  9-foot  channel  Ix'tween  Cairo  and 
Baton  Rouge  ranges  from  50  to  70  million  cubic  yards  per  year  [152]. 
IXistpan-t>qie  dredges  move  most  of  the  s;mdy  material,  ;md  large 
cutterhead-t>pe  dredges  are  used  to  remove  compacted  clay  or  gravel. 

St  ream flow 

Various  periods  of  record  of  flow  data  are  pre.sented  in  this  .sec- 
tion because  of  the  availability  of  discharge  data  at  the  selected  sites, 
lor  each  discharge  station  selected,  the  jicriod  of  record  provides  rea- 
sonably good  tlata  for  statistical  ;uialysis  and  study  in  this  appendi.x, 
and  the  data  arc  considered  to  lie  representative  of  flows  which  could 
occur  under  1975  levels  of  development. 


Moasurc-mcnt  I'ac i 1 i t i es . Strciunflow  data  at  eiglit  stations  along 
the  ^^^ssissippi  River  ;md  Old  River  \vere  selected  t'or  jirescntat ion  in 
tliis  section.  Locations  of  tliese  stations  are  showi  in  figure  08,  a 
nvip  of  WRl’A  1,  iuid  are  identified  liy  II.  S.  Gcx)logical  Smt’ey  station 
nimibers.  Table  24,  a stimiar)'  of  the  stre^unflow  data  at  each  of  the  se- 
lected sites,  presents  sucli  elata  as  the  controlling  agency,  the  drainage 
area,  period  of  record,  gage  datum,  extreme  flows,  mid  other  pertinent 
hydrologic  data  at  each  site. 


Average  discharge  for  Md’A  1.  A reliable  value  for  tlie  average  dis- 
charge gcnei'ated  witliin  101124  1 was  difficult  to  derive  due  to  tlie  tre- 
mendous volume  of  water  \diicli  flows  tlirougli  the  area.  Lor  this  reason, 
values  of  the  monthly  stremnflow  discliarged  tlirough  tlie  area  are  given 
instead  of  a discharge  generated  specifically  within  the  area.  Stremii- 
flow  data  measured  at  the  larbcrt  landing.  Miss.,  discharge  range  are 
shown  by  graphical  representation  in  figure  70.  Tiiis  figure  also  pre- 
sents the  iiuixinuDii  :uid  minimum  flows  as  well  as  the  mean  monthly  flows, 
file  flows  at  this  ixiint  are  considered  to  lx.'  representative  of  flows 
dischargc'i.l  at  the  mouth  of  the  river  because  veiy  little  inflow  enters 
the  main  chminel  below  the  discharge  station. 

Average  discharge  for  selected  stations.  Detailed  hydrologic  data 
at  each  of  the  eight  selected  gaging  stations  shown  in  table  24  are  pre- 
sented in  this  section.  Tables  25  through  52  present  obseiA'ed  mean  dis- 
charges by  months  for  each  of  the  selected  sites  in  Kld’A  1.  /Uso  shown 
in  these  tables  are  the  iivcrage  monthly  and  average  annual  flows  for  the 
period  of  record  at  each  station.  Tliese  flows  reflect  regulation  ;uid 
use  under  1975  levels  of  development  in  the  area. 

Frequency  curves  for  |)eak  flows  at  the  selected  gaging  stations  in 


UW’A  1 are  shov\n  in  figures  71  tlirough  75.  Tliese  curves  are  a reflec- 
tion of  the  cumual  peak  discharges  at  tlie  sites  and  were  computed  using 
tlie  standard  metliod  of  the  Coii)s  of  hngineers  [b]. 

Low  flow  frequency  curves  at  tlie  selected  sites  are  shown  in  fig- 
ures 7b  through  81.  These  cuin'es  represent  the  lowest  mean  flows  for 
periods  ranging  from  3 to  IbO  consecutive  days  at  certain  sites. 

Duration  curves  for  daily  flows  at  tlie  selected  sites  in  UTll’A  1 are 
[iresented  in  figures  82  through  87.  These  curv^es  show  the  percent  of 
time  that  specified  discharges  were  equaled  or  exceeded  at  the  sites 
during  given  periods.  The  curves  indicate  flow  characteristics  of  the 
streiuiis  throughout  their  entire  range  of  discharges  without  regard  to 
the  sequence  of  occurrences.  The  nuL\imi.mi  daily  flows  at  the  sites  are 
listed  on  the  curves  because  of  the  lack  of  space  retpiired  to  extend  the 
cun'es  to  the  zero  percent  exceedence  point. 

Data  on  the  dependable  yield  characterist ics  at  each  of  the  se- 
lected discharge  sites  are  presented  in  tables  35  through  58.  These 
tables  show  the  lowest  mean  flows  for  from  1 to  10  consecutive  years  of 
the  period  of  record,  llie  relationship  of  these  flows  to  the  mean  flows 
for  the  period  of  record  is  also  shown,  llie  minimimi  imnual  flow  for 
stations  in  KRl’A  1 nuiged  between  49  and  5b  percent  and  averaged  55  per- 
cent of  the  mean  annual  flow,  for  the  10  consecutive  years  of  lovvest 
mean  flow,  the  avci'age  flows  were  about  90  percent  of  the  mean  annual 
flows  at  the  gaging  stations. 

Variations  in  precipitation  and  discliarge.  Long-tenn  variations  in 
discharge  in  U'Rl’A  1 are  caused  chiefly  by  long-term  variations  in  rain- 
fall and  snowfal  1 in  tiie  tributarv’  streams  of  the  liiiper  Mississippi 
River.  Shown  in  figure  88  is  a comparison  of  the  precipitation  at  Vicks- 
burg, Miss.,  and  tlie  disdiai'ge  of  the  Mississippi  River  at  Vicksburg. 

Hie  meim  ;uid  5-year  moving  averages  of  tioth  precipitation  and  discharge 
are  shown  to  better  illustrate  tlie  general  trend  of  long-term  changes  in 
precipitation  and  discharge.  Iliis  figure  is  not  intended  to  show  a 
definite  correlation  between  precipitation  ;md  discliarge  at  tlie  site  due 
to  the  large  drainage  area  of  the  Mississippi  River  above  I'icksburg. 
However,  the  cun'es  do  indicate  to  some  degree  that  clvuiges  in  precipita- 
tion trends  at  Vicksburg  liavc  some  effect  on  flows  of  tlie  Mississippi 
River  at  Vicksburg.  This  is  due  to  the  fact  that  the  precipitation 
trends  at  Vicksburg  usually  coincide  with  general  precipitation  trends 
in  the  area's  tributary  to  the  Lower  Mississippi  River  above  Vicksburg. 
Hence,  the  precipitation  curve  tends  to  illustrate  the  general  trends  of 
precipitation  not  only  at  I'icksbiirg  but  also  in  areas  above  I'icksburg 
which  contribute  to  flows  in  the  Mississippi  River. 

Seasonal  variations  in  streiunflow  of  the  Mississippi  River  are  evi- 
tlent  in  the  observed  mean  flows  given  in  tables  25  through  52.  The 
major  flows  usually  occur  during  tiie  months  of  ,'tirch  ;uid  April.  This 


rends  to  melt  the  snow  in  the  upper  areas.  Tire  spring  rains  usually 
yield  a large  jiercentage  of  nuioff  which  flows  through  triljutary  stre;uiLs 
directly  to  tlie  Mississippi  River. 

Row  \'elocities 

A time  of  travel  study  was  iiuide  on  tlie  Mississippi  River  from  Baton 
Rouge  to  New  Orleans,  La.  Travel  times  were  measured  from  dye  tracings 
for  a flow  of  240,000  c.f.s.,  whicli  is  equaled  or  exceeded  ovei' 

70  [)ercent  of  tlte  time.  These  data  were  used  to  compute  average  veloci- 
ties in  the  suhreaches.  Ih'drographic  surveys  were  used  on  the  Missis- 
sippi River  near  Rosedale  :uul  Vicksburg,  Miss.,  to  detemiiine  average 
velocities  in  that  reach  of  the  river. 

The  velocities,  which  arc  shown  in  figure  S.'S,  correspond  to  a spe- 
cific discliarge,  and,  since  velocity  varies  witii  discharge,  tiie  user 
should  be  cautious  in  applying  these  data  to  ;my  otlier  condition  of  flow. 
In  general,  stre;uii  velocities  vaiy  with  discliarge  so  that  at  higher  dis- 
charges, greater  velocities  would  lie  e.xpected.  The  velocities  represent 
the  average  velocity  through  a suhreach;  however,  velocities  can  vary 
from  jioint  to  point  within  a suhreach.  The  velocities  given  for  Wd'A  1 
were  derived  from  prcliminar)'  studies  and  are  subject  to  I'evision  upon 
completion  of  more  detailed  stialies. 

River  Profile 

:\  proiTTe  of  the  Mississippi  River  from  Cairo,  111.,  to  the  Gulf  of 
Mexico  \'ia  Southwest  Pass,  as  sliown  in  figure  89,  was  constincted  from 
topogi’a|ihic  ma[is,  hydrographic  surve\’s,  and  data  from  available  reports 
[1. 1(11.  llie  profile  shows  the  19(i2-(i4  thalweg  of  the  river,  the  average 
low  water  plane,  the  19.S7  ;uid  1927  highwater  jirofile,  ;uid  the  Project 
Design  Row  Line.  Ihc  Project  Design  flood  was  irsed  to  establish  the 
required  levee  grades.  Mijor  stations  are  also  showii,  along  with  liULxi- 
imuii  and  minimum  discharges  at  the  respective  stations.  A chart  which 
shows  pertinent  data  at  each  of  the  stage  stations  is  presented.  The 
highest  ;md  lowest  stages,  Ixmkfull  stages,  ;uid  the  average  low  water 
jilane  are  tabulated. 


Qua  1 i t y 

Surface  water  in  IVRl’.A  1 is  suitable  for  hotli  industrial  and  munici- 
]ial  uses. 


Cliemical  iiuality  data  collected  on  the  .^liss iss ippi  River  near  St. 
Irancisville,  at  Ruling  ferry,  and  New  Orle;uis,  I, a.  (talile  59),  indicate 
tiiat  daily  variations  in  cliemical  cpiality  are  small.  In  addition,  a re- 
cent survey  was  made  on  the  Lower  Mississippi  River,  and  the  results 
indicate  that  tlie  chemical  cjuality  of  water  in  the  Mississippi  River 
changes  veiy  little  from  the  Arkansas  State  line  Qiiile  505)  to  Baton 
Rouge  (mile  25(i).  In  the  reach  of  the  river  between  Baton  Rouge  (mile 


17(1 


23(i)  and  Bolle  llhas.se  (milo  70),  the  water  becomes  more  minei'ali;ed  (from 
aliout  300  to  301'  m;c/l  of  dissolved  solids),  diiemical  constituents  ac- 
coiuiting  for  most  of  tliis  increase  were  cliloride,  sulfate,  sodiimi,  ;md 
calciiun,  with  cliloride  increasinj;  from  28  to  47  mg/1,  file  increase  was 
i-lue  to  industrial  ;uid  nainicipal  waste  efl'liients.  The  Mississiiipi  River 
receives  aliout  20,000  tons  per  day  of  inorganic  waste  and  about  500  tons 
per  day  of  organic  wastes  from  industrial  and  municipal  complexes  located 
along  tlie  river  from  St.  I rancisi  i 1 le  to  \ew  Orleans,  ha.  Industrial 
discharge  of  inorgimic  waste  lias  little  effect  on  water  quality  during 
high  flows;  however,  during  low  flow  periods  the  effects  are  significant, 
ih'ganic  wastes  discharged  into  the  Mississippi  River  between  Baton  Rouge 
aiwl  New  Orleans  >.lecrease  the  dissol ved-oxygen  concentrat  ion  about 
1.0  mg/1,  with  the  largest  decrease  occurring  during  suiiuiier  and  low  flow 
jieriods.  In  addition,  great  quantities  of  acidic  waste  are  assimilated 
each  day  with  very  little  effect  on  the  river. 


DISCHARGE  IN  THOUSAND  CUBIC  FEET  PER  SECOND 


1930-70  mean -4953  inches  1^5  Year  moving  overoge 


FIGURE  88  LONG-TERM  VARIATION  IN  PRECIPITATION  AND  STREAMFLOW 
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IV  R 1>  A 2 
INTRODUaiON 


WWW  2 consists  of  that  part  of  Missouri  containing  the  St.  I'nmcis 
River  Basin  :uiJ  the  St.  Jolins  Bayou-New  Ntidrid  I'loodway  area;  cuid  the 
part  of  ArkajLsas  containing  tlie  St.  Francis  River  Basin,  tlie  Wliite  River 
Basiti  below  lit'orgetown,  and  tlie  left  biuik  of  the  Arkansas  River  Basin 
below  Pine  Bluff.  I'he  area  covers  l(i,"23  square  miles,  or  about  lb  per- 
cent of  tlie  total  area  of  the  Lower  Mississippi  Region. 

rhe  area  is  boundoil  on  the  north  by  the  St.  Francis  Basin  Divide, 
on  the  west  by  the  Southwestern  Division-Lower  Mississippi  Valley  Divi- 
sion iioimdary,  on  the  soutli  b\'  the  Arkansas  River,  and  on  the  east  by 
the  Mississippi  River,  fhe  area  is  about  3l)0  miles  in  length  with  a 
iiuiximum  widtli  of  about  80  miles,  llie  highest  elevations  in  the  area 
are  found  in  the  Ozark  Highlands  in  the  north  with  tiie  highest  eleva- 
tion being  about  1,770  feet  above  me;m  sea  level  Im.s.l.).  The  lowest 
elevations  are  foiuid  along  the  lower  end  of  the  Wliite  River  at  about 
140  feet  m.s.l. 

About  90  iiercent  of  IVRi’A  2 is  nearly  flat  alluvial  valley  delta 
land  witli  the  nuiin  pliysiograpliic  feature  Ixiing  Crowleys  Ridge  wiiich  ex- 
tends lengthwise  througli  and  nuiinly  in  tlie  middle  of  tlie  St.  Francis 
Basin.  The  eastern  slopes  of  the  ridge  are  rather  stce[i,  and  the)'  grade 
into  tlie  allinial  jilains  of  the  river  valleys. 

The  Sikeston  Ridge  and  Hi  1 den- Rennet t I’rairie  are  low  terraces  on 
tiic  alluvial  [ilain;  tlie>'  lie  east  of  Crowleys  Ridge  and  rise  10  to  20 
feet  above  the  lowland  jilains.  West  of  Crowleys  Ridge,  there  are  other 
siiuill  isolated  terraces.  I'he  long,  narrow,  low  drainage  liasins  of  the 
stre.'uns  and  drainage  ditches  are  alined  jiarallel  to  these  low  terraces. 

Streiuiis  originating  within  this  WRl’A  averaged  about  lb  inches  of 
riuioff  jicr  year,  or  19,770  c.f.s.,  during  the  jieriod  of  record. 

Of  the  three  major  river  systems  in  Wltl’A  2,  the  streiuii  gradients  for 
the  St.  Fnuicis  are  the  highest,  ranging  from  about  3.0  feet  jier  mile  in 
the  upper  reaches  to  about  0.5  foot  jier  mile  in  the  lower  reaches.  The 
St.  Friincis  Basin  contributes  about  15  inches  of  nuioff  jier  vear  in 
WRl'A  2. 

Ihe  sti\am  gradient  for  the  Lower  White  is  about  0.4  foot  jier  mile. 
Ihe  riuioff  originating  in  the  White  River  Basin  within  WhPA  2 averages 
about  19  inches  jier  year.  The  portion  of  the  White  Basin  which  is  out- 
side WRl’A  2 averages  about  lb  inches  of  nuioff  jier  year. 
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The  stream  gradient  for  the  l.ower  Arkansas  River  is  about  (l.(>  toot 
per  mile.  The  riaioff  originating  in  the  Arkansas  River  Basin  uitiiin 
Uld'A  2 averages  aliout  14  inches  per  year,  and  the  portion  of  the  basin 
which  is  outside  Uld’A  1 averages  only  about  inches  iK'r  year. 

I'lie  strevuns  in  tliis  area  flow  tlirougli  alluvial  valle>’  consisting 

of  10  to  50  feet  of  silts  and  clays  luiderlain  by  s;inds  ajid  gravels  50  to 
150  feet  tliick. 

■file  largest  cities  in  tlie  area,  with  their  1070  populations,  are: 
Blytheville,  Ark.  - 54,755;  West  Memphis,  Ark.  - 50,070;  Jonesboro, 

Ark.  - 57,050;  and  Pine  Bluff,  Ark.  - 57,580. 


suRivXcn;  wati;r 


Hie  majority  of  tlie  streamfloK  vvhich  originates  witliin  UWA  2 is 
produced  by  the  St.  I'nmcis  cmd  Wiite  River  Basins.  There  is  some 
slight  regulation  on  the  St.  Francis  River  as  a result  of  U'appapello  Dajii. 
This  stmcture  regulates  a drainage  area  of  1,310  square  miles.  The 
flow  uhich  originates  within  IVRl’A  2 on  the  U'hite  River  lias  no  regulation. 
The  flow  entering  from  outside  U'Rl’A  2 on  tlie  Miite  River  is  partly  regu- 
lated by  upstream  dams. 


Quant i ty 

ilie  annual  me;m  discharge  of  streiuns  originating  in  KRl’A  2 is 
19,770  c.f.s.  (,14.5  million  acre-feet  annually).  Tliis  averages 
1.2  c.f.s.  per  stpiare  mile.  This  is  an  intemiediate  rate  when  compared 
with  that  for  the  rest  of  the  region.  .•\n  additional  05,500  c.f.s.  flows 
into  the  area  from  outside. 

Present  Utilisation 

Withdrawals  from  surface  water  sources  in  WRl’A  2 during  1970  aver- 
aged about  1,850  c.f.s.,  which  was  equivalent  to  less  tluui  10  percent  of 
the  mcim  luuiual  flow  generated  within  the  area.  Surface  water  withdraw- 
als constituted  less  than  54  percent  of  the  total  water  withdravui  in  the 
area,  with  the  remainder  coming  from  groimd  water  sources.  Major  sur- 
face water  withdrawals  were  for  fish  and  wildlife  enhaticement 
(^810  c.f.s.),  thermoelectric  power  production  (blO  c.f.s.),  ;md  irriga- 
tion (410  c.f.s.). 

Ground  water  withdrawals  from  WRl’A  2 during  1970  were  greater  than 
those  from  ;my  other  WTd’A  in  the  region,  averaging  about  5,700  c.f.s. 

The  major  use  of  ground  water  withdrawals  was  for  the  irrigation  of 
crops  (3,440  c.f.s.).  Fish  and  wildlife  enhancement  (90  c.f.s.)  and 
mimicipal  (50  c.f.s.)  ;ind  industrial  uses  (52  c.f.s.)  \\ere  other  sources 
for  ground  water  withdrawals. 

AlxDut  5,085  c.f.s.,  or  55  percent  of  tlie  total  ground  :md  surface 
water  withdrawals  from  Wltl’A  2 during  1970,  were  consumed.  Tlie  reirciining 
withdrawals  of  2,405  c.f.s.  were  released  and  retumed  to  nearby  strcaims, 
thus  resulting  in  a net  increase  to  the  area's  streamflow  of  0l5  c.f.s. 
(due  to  large  quantity  of  groimd  water  withdrawn  imd  released).  Major 
consumptions  of  water  were  for  irrigation  (2800  c.f.s.)  ;md  for  fish  and 
wildlife  enhancement  (180  c.f.s.).  Recreation  was  popular  in  the  area 
and  most  lakes  ;md  streams  were  used  for  nonconsumptive  purjKises  such  as 
fishing,  iKiating,  and  water  sports. 

Additional  information  on  the  withdrawals  of  groimd  and  surface 
water  in  Wltl’A  2 during  1970  is  given  in  table  15  of  the  Regional  Summary. 
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rius  table  also  presents  pertinent  data  on  the  consumption  of  water  for 
varioLLs  puryioses  in  tliis  area  ^md  each  of  the  otlier  UWA's  in  the  l.ower 
Mississippi  Region. 

Streajn  Mma^eiiient 

Competition  for  water  ajiiong  the  various  users  necessitates  effi- 
cient stream  management.  In  IvUPA  1,  stream  iiuinagcment  practices  include 
changes  in  stream  systems  Iiy  the  use  of  dams  for  decreasing  flood  flows 
and  suiiplement ing  low  flows,  the  development  of  levees,  clwinnel  improve- 
ments, and  diversion  of  water  for  various  uses.  Some  of  tliese  practices 
nuiy  not  cause  marked  changes  in  streamflow  :uid  immy  sulisequent  \-ears  of 
streiunflow  records  may  be  required  to  define  tlieir  effects  on  tlie  stream 
system. 

Impoundments 

Table  40  gives  pertinent  data  on  reserv'oirs  in  hlll’A  1 which  have  a 
total  capacity  of  5,(K)0  acre-feet  or  more.  Lake  Wappapello  is  the  main 
f lood-cont rol  reservo i r . 

Table  40  - Resenoirs  Having  a Total  Qipacitv  of 
5,000  Acre- Feet  or  More,  Uld’A  s' 


Nimie 

St  reiuii 

Total 
Storage 
(acre -feet ) 

Surface 

Area 

(acres') 

Purjiose  1/ 

(Vappapeilo  Lake 

Sr.  Francis  River 

1,530,200  2/ 

35,100 

F',R 

Cox's  Lake 

Big  Slough  Ditch 

7,200 

100 

In 

Clavq)Ool  Lake 

L'.Xnguille  Riv'er 

5,200 

1,300 

R,F 

Peckenvood  Lake 

Lagrue  Havou 

20,000 

4,000 

Ir,R 

Bear  Creek  Lake 

Bear  Creek 

8,000 

800 

R 

• Jolm  Ikunpton  Lake 

Raney  Ba\’Ou 

0,408 

O 

O' 

cc 

Ir,R 

1/  F - Flood  Control,  R - Recreation,  Ir  - Irrigation,  ;uid  In  - 
Industrial . 

y Includes  surcliarge  and  freeboard  storage. 


The  operation  of  Lake  Uappapello  for  flood-control  puiiioses  usually 
follows  a patteni  of  discharging  excess  water  in  mid-OecemlK-r  to  allow 
for  the  storage  of  nmoff  from  heav>'  winter  and  spring  rains.  Recrea- 
tion is  very  popular  on  the  lake;  hence,  this  use  of  the  lake  requires 
that  the  water  be  iield  in  the  reservoir  during  the  simmer  months  for  as 
long  as  possible. 


Cliaiutel  modification.  Tliroughout  IvTd’A  2,  chaiuiel  modification  has 
taken  place  on  imny  of  tlie  streams.  Lxtensive  flood-protection  projects 
have  been  luiilt  in  both  the  St.  Francis  Basin  ;md  the  Uliite  River  Basin. 
Ibese  projects  include,  in  the  St.  F'nuicis  Basin,  IVapjiapello  Dam,  levees. 


I 


I 
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drainage  stmetures,  and  channel  clearing  and  constniction.  Projects  in 
the  Mute  River  Basin  include  levees,  draijiagc  stmetures,  ;uid  ckuiiicl 
clearing  and  construct  ion. 

Navigation  projects  have  ix:en  built  on  the  Miite  ;md  Arkmsas 
Rivers,  tin  the  Miite  River,  this  consists  of  channel  clearing  and  dredg- 
ing, Miile  on  the  Arkansas  River  it  consists  of  clnmnel  ijnprovcment s and 
locLs  and  dams.  Both  the  Miite  and  tlie  Arkiuisas  Rivers  are  navigable 
throughout  Mll’A  2. 

St  reiuiifloK 

Tlie  base  period  selected  for  this  study  varies,  depending  upon  the 
period  of  record  available  at  eacli  gage  site.  At  tlie  stations  uiierc 
necessar)',  the  period  of  record  vsas  modified  to  reflect  clumges  in  tlie 
streamf  low  characterist  ics  at  the  site  due  to  cli;uiges  in  stream  manage- 
ment, diversions,  channel  improvements,  or  regulations  upstreiuii  from  tlie 
site,  for  each  of  the  selected  gaging  stations,  the  selected  period  of 
record  provides  reasonably  good  data  for  statistical  analysis  and  study 
in  this  repoi't,  and  the  data  are  considered  I'ejiresentat ive  of  flows  which 
could  occur  imder  1975  levels  of  develO]iment . 

Measurement  fac i 1 it ies . Streamflow  data  at  12  sites  in  Md'A  2 arc 
considered  to  be  representative  of  the  various  drainage  and  hydrologic 
conditions  which  exist  in  the  area.  Locations  of  these  sites,  identi- 
fied by  U.  S.  Geological  Survey  Station  muiibers,  are  shown  in  figure  90, 
which  also  shows  the  mean  annual  runoff  for  the  area.  Talile  41  is  a 
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Avera.^o  discharge  tor  Iv’RI’A  2.  A graphical  representation  of  the 
average  monthly  discharge  generated  \\ithin  UTll’A  2 and  contributed  to  the 
area  from  outside  the  region  is  shoun  in  figure  91.  This  figure  presents 
tlie  maxunum,  mean,  and  minimum  montlil)-  flows  at  the  moutlvs  of  the  Arkan- 
sas, Uliite,  and  St.  i'rancis  Rivers,  and  includes  inflow  from  outside  the 
area. 

Average  discharge  at  selected  stations.  Tables  42-53  present  ob- 
served  mean  flows  at  cacli  of  tlie  selected  sites  in  Ivld’A  2.  ilie  flows 
are  representative  of  1973  levels  of  development  in  the  area,  fig- 
ures 92-103  present  peak  flow  frequency  curves  for  selected  sites  in 
U'Rl’A  2.  These  curves  are  a reflection  of  the  annual  peak  discliarges  for 
tlie  station  and  were  comjiuted  using  the  stajidard  method  of  tlie  Corps  of 
engineers  [o], 

I.ow  flow  frequency  cui'ves  for  selected  sites  are  shown  in  figures 
104-113.  These  cuna^s  represent  the  lowest  average  flows  for  jieriods 
of  3,  14,  30,  and  120  consecutive  days.  IXie  to  regulation  of  low 

flows,  no  curves  were  computed  at  the  station  immediately  below  U'aji- 
papello  Ikmi  or  at  Little  Rock,  Ark. 

IXirat  ion  curves  for  daily  flows  at  selected  sites  in  UTll'A  2 are 
presented  in  figures  114-125.  These  curves  indicate  the  percent  of 
time  that  any  given  flow  at  tlie  site  is  equaled  or  exceeded. 

■fables  54-65  present  data  on  the  dependable  yield  cliaracterist ics 
at  each  of  the  selected  discharge  sites.  These  tallies  show  the  lowest 
mean  flows  for  from  one  to  ten  consecutive  years  out  of  the  period  of 
record.  The  relationship  of  these  lowest  mean  flows  to  the  jieriod  of 
record  meim  is  also  shown.  I'he  minimum  I'early  flow  for  the  stations  in 
WRl’A  2 ranges  between  26  and  44  percent  ;md  averages  32  [lercent  of  the 
mean  annual  flow.  I'or  the  ten  consecutive  years  of  lowest  mean  flow, 
the  dejiondable  vicld  averages  about  82  jiercent  of  tlie  mean  annual  flows 
for  the  KR1'’A. 

Flow  Velocities 

No  flow  velocities  for  streams  in  2 were  available  for  publica- 

tion in  this  report  due  to  the  lack  of  time  of  travel  studies  in  the 
area. 


River  Profiles 

Representative  river  profiles  are  presented  in  figures  126-128. 
The  profiles  were  prepared  using  topographic  nuqis  and  data  from  avail 
able  reix)rts. 


Qual ity 

Surface  water  in  WRl’A  2 is  generally  suitable  for  most  uses  even 
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I 


thout^h  it  is  moderately  mineralized  (dissolved  solids 
535  mg/n  ;uid  hard  (hardjiess  greater  than  IJO  mg/1  of 
I'he  water  is  suitable  for  some  uses  with  little  or  no 
ever,  for  mimieipal  and  most  industrial  uses,  most  of 
softening,  coagulation,  filtration,  and  pH  adjustment 


lauiged  from  '.)()  to 
CaCb:^,  table  (ih ) . 
treatment.  Ilow- 
the  water  requires 
11071. 


dalcium,  nuignesium,  aiul  carbonate  are  the  principal  constituents  in 
waters  from  stretuiis  draining  all  fonnat  ions  except  the  Pliocene  deposits 
(table  ()0).  All  the  st  reams  except  ditch  24  at  ile;ig\',  Mo.,  and  Big 
Creek  netir  doneshoro.  Ark.,  >.irain  terrace  or  alluvial  ileposits  of  tjuater- 
nary  ;ige. 


Ditch  24  at  Ileagy,  Mo.,  drains  Paleozoic  rocks  and  Cretticeous  de- 
I’osits.  fhe  chemical  characteristics  of  \uiter  in  this  stream  are  simi- 
lar to  those  of  water  in  stretuns  draining  Quaternary  dejiosits.  This 
similarity  is  to  he  expected  because  general 1>-  the  principal  soluble 
constituents  in  the  Paleozoic  rocks  ;uid  in  the  outcrop  of  the  Cretaceous 
deposits  are  the  carbonate  salts  of  calcium  and  magnesiiuii. 


fhe  dissolved-sol  ids  content  of  water  in  stretims  draining  Quaternary 
deposits  or  draining  Paleozoic  rocks  and  Cretticeous  dejiosits  range  from 
90  to  555  mg/1.  In  each  stre;uii,  however,  tlie  qualit)’  is  fairl>'  luiifonii 
during  periods  of  low  flow,  llie  areal  vaiMat ion  in  dissolved  sol  ids  is 
caused  kirgely  by  differences  in  the  composition  of  the  deposits. 

The  dissolved-sol  ills  values  of  water  from  Village  Creek  at  Xevqiort , 
Ark.,  ai'e  much  smaller  tlian  values  for  Village  Creek  ;it  Kalnut  Ridge, 
Ark.,  and  for  other  st  re;uiis  draining  the  alluviinii  or  ternice  dejiosits. 

Big  t.'reek  near  doneshoro.  Ark.,  drains  Pliocene  dejiosits.  Bicarbonate 
is  the  jirincijial  anion  in  water  fi'om  these  dejiosits  aiwl  calcium,  magne- 
sium, and  sodium  are  jiresent  in  about  equal  quantities.  Hie  dissolved- 
sol  ids  content  of  water  from  Big  iireek  near  doneshoi'o  generally  is  less 
than  that  in  stre;uiis  draining  other  geologic  luiits,  jirohahl)'  Ivcause  tlie 
Pliocene  dejiosits  do  not  have  as  imicli  soluble  material  as  tiie  other 
dejiosits. 
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I'ablo  54  - Dependable  Yield,  St.  Francis  River  near 
Patterson,  .''to.,  Sta  7-0375 


Consecutive  Years  of 
I. owe  St  'lean  Flow 

Indus  ive 
Years 

J.owest  Mean 
llOVv  ic.f.s.J 

Percent  of  Mean  for 
Period  of  Record 

1 

1941 

343 

31.6 

9 

1940-41 

458 

42.2 

3 

1930-32 

552 

50.9 

4 

1953-56 

563 

51.9 

5 

1930-34 

”09 

65.4 

6 

1962-6’’ 

”58 

69.9 

1961-6’’ 

813 

”4.9 

8 

1960-6” 

828 

76.4 

Q 

l9S9-(r 

839 

””.4 

10 

1959-68 

Sl’b 

80.8 

50 

1921-”0 

1,084 

100.0 

lable  55  - 

Dependable 
Kappa)-)o  1 1 

Yield,  St.  Frajicis 
o.  Mo.,  Sta  7-0.395 

River  at 

y 

i(m>L'cut  ivc  Years  of 

Inclusive 

l.owest  ,''le;ui  ! 

'ercent  of  .Mean  for 

Lowest  'lerm  I'low 

Years 

Flow  Ic.f.s.) 

Period  of  Record 

I 

1954 

584 

37.9 

*) 

1953-54 

■70” 

45.8 

3 

1954-56 

"66 

49.” 

4 

1953-56 

■782 

50.7 

5 

1952-56 

1,003 

65.1 

6 

1962-6” 

1,064 

69.0 

1959-65 

1,130 

”3.3 

8 

1960-6” 

1,151 

"4." 

9 

1959-6’7 

1,160 

”5.2 

10 

1959-68 

1,214 

”8.8 

28 

1942-69 

1,541 

100.0 

y Regulated  co/id  i t ions . 


I'ablc  5o  - Deiiendahle  Yield,  St.  i'rancis  River  at 


St.  Francis, 

Ark.,  St a 7- 

•0401  \J 

L'onsecut  iv^e  Vcai's  of 

Indus  ive 

i.owest  Mean 

Percent  of  Me:m  for 

Lowest  'lean  flow 

Years 

Flov%  (,c . f . s . ^ 

1 Peri  oil  of  Record 

1 

1941 

550 

26.0 

2 

1953-54 

962 

45.5 

3 

1954-55 

1,038 

49.2 

4 

1953-56 

1,059 

50.1 

5 

1952-56 

1,432 

6-.  8 

6 

1962-6- 

1,542 

-3.0 

7 

165Q-65 

1,596 

75.6 

8 

1960-6- 

1,652 

-8.2 

9 

1959-6- 

1,641 

10 

1959-68 

1,71- 

81.3 

29 

1941-69 

2,111 

100.0 

\J  Rei^iilated  conditions. 


Fable  57  - 

Dependable  Yiel 

Id,  St.  F'nmcis 

River  at 

Lake  Cit>’,  Ark.  , Sta  7-0404 

.5  \j 

Consecutive  Years  of 

1 nc  las  i ve 

Lowest  Mean 

Percent  of  Mean  for 

Lowest  Mean  Flow 

Years  i 

1 low^ (j^‘  .1  . s . ) 

Period  of  Record 

1 

1941 

-89 

25.7 

2 

1954-55 

1,4.30 

46.7 

3 

1954-56 

1,4-2 

48.0 

4 

1953-56 

1,600 

52.2 

5 

1963-6- 

2,165 

70.6 

6 

1959-64 

2,30- 

75.3 

n 

1959-65 

2,294 

74.8 

8 

1960-67 

2,412 

-8.- 

9 

1959-6- 

2,3^7 

-.5 

10 

1659-68 

2,452 

80.0 

29 

1941-69 

3,065 

100.0 

\J  Regulated  conditions. 
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Table  58  - Dependable  Yield,  Right  Hand  Omte  of  Little 
River  at  Riveivale,  Ark.,  Sta  7-04bb 


Consecutive  Years  of 
l.ouest  Me;m  FIok 

Inclusive 

Years 

Lowest  Mean 
Flow  (c.f.s.) 

I’ercent  of  Mean  for 
Period  of  Record 

1 

1954 

844 

30.0 

1954-55 

1,146 

40.8 

3 

1954-56 

1,242 

44.2 

4 

1953-56 

1,376 

48.9 

5 

1953-5:’ 

1,861 

66.2 

6 

1951-56 

2,143 

'6.2 

7 

1959-65 

2,230 

'9.3 

8 

1953-60 

2,234 

'9.5 

9 

1959-6:’ 

2,302 

81.9 

10 

1954-63 

2,369 

84.3 

9 7 

1948-69 

2,811 

100.0 

Fable  59  - 

Dependable 
'IVronza , 

Yield,  IVronza  River  near 
Ark. , Sta  7-0470 

Consecutive  Years  of 

Incla'^  ive 

Lowest  Mean 

Pei'cent  of  Me;m  for 

Lowest  Mean  IHow 

Years 

Flow  ic.f.s.) 

Period  of  Recoi'd 

1 

1963 

168 

39.9 

2 

1963-64 

216 

51.3 

3 

1954-56 

265 

62.9 

4 

1963-66 

308 

73.2 

5 

1963-6' 

308 

73.2 

6 

1963-68 

316 

75.1 

n 

1963-69 

321 

'6.3 

8 

1960-67 

350 

83.0 

9 

1959-67 

348 

82.6 

10 

1959-68 

349 

82.9 

21 

1949-69 

421 

100.0 

5 


I 

J 


Table  bO  - Depeiuiablc  Yield,  St.  I'rancis  River  at  the  Latitude 
of  IVittsburg,  Ark.,  Sta  7-0479. U2  1/ 


Consecutive  Years  of 

I nc  1 as  i vc 

Lowest  Mean 

I’crcent  of  Mean  for 

Lowest  Mean  flow 

Yea  rs 

flow  (_c.f.s.j 

Period  of  Record 

1 

1954 

2,533 

32.3 

1954-55 

3, "81 

48.2 

3 

1954-5b 

3,636 

46.3 

4 

1953-5b 

4,231 

53.9 

5 

1952-5b 

5,615 

"1.6 

6 

1951-56 

6,238 

”9.5 

*7 

1959-65 

6,409 

81.” 

8 

1959-66 

6,:’2" 

85.8 

9 

1959-6" 

6,60” 

84.2 

10 

1959-68 

6, ”83 

86.5 

28 

1942-69 

”,844 

100.0 

1/  Regulated  conditions. 

Table  bl  - Dci)endable  Yield,  L' 

'/\nguille  River 

at  Palestine,  Ark., 

Sta  7 

-0479.5 

Consecutive  Years  of 

Inclusive 

l.owest  Me;m 

Percent  of  Me;m  for 

lx)Kcst  Me;ui  flow 

Years 

I'lOVs  (c.f.s.) 

Period  of  Record 

1 

1963 

452 

38.1 

2 

1963-64 

624 

52.6 

3 

1963-65 

82” 

69." 

4 

1963-66 

881 

”4.3 

5 

1963-6’’ 

8”1 

”3.4 

6 

1963-68 

913 

”6.9 

7 

1963-69 

928 

"8.2 

8 

1960-6’’ 

9”8 

82.5 

9 

1959-6" 

9"2 

82.0 

10 

1959-68 

987 

83.2 

20 

1950-69 

1,186 

100.0 

1 “) 

4a 


0 


r 


I'able  t)2  - Dependable  Yield,  Caclie  River  at  Patterson,  Ark., 
Sta  7-0775 


! Consecutive  Years  of 

Indus  ive 

Lowest  Mean 

Percent  of  Mean  for 

I.owest  Me;m  Flow 

Years 

Mow  ic.f.s.J 

Period  of  Record 

1 

1963 

403 

29.0 

1 9 

1954-55 

597 

42.9 

3 

1954-56 

685 

49.2 

i 4 

1953-56 

840 

60.4 

5 

1953-5'^ 

1,035 

-4.4 

6 

1959-64 

1,055 

-5.9 

1959-65 

1,121 

80.6 

8 

1953-60 

1,1-4 

84.4 

9 

1959-6' 

1,154 

83.0 

10 

1959-68 

1,151 

82.8 

1948-69 

1,391 

100.0 

Table 

03  - Dependable  Yield, 

Bayou  Deliew 

at  Morton,  Ark., 

Sta  7-07:-7 

Consecutive 

Yea  r s 0 f I nc 1 as  i ve 

l.owest  Mean 

Percent  of  Mean  for 

Lowest  Me:m  Flow  i’ears 

Mow  (c.f.s.' 

I Period  of  Record 

1 

1941 

141 

26.1 

1940-41 

1-9 

33. 1 

3 

1940-42 

281 

52.0 

4 

1940-43 

269 

49.8 

5 

1940-44 

511 

57.6 

6 

1940-45 

414 

-6.6 

7 

1963-69 

428 

-9.2 

8 

1940-4- 

450 

83.2 

9 

1959-6- 

453 

83.8 

10 

1959-68 

455 

84.1 

30 

1940-60 

541 

100.0 
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Table  t>4  - Dependable  Yield,  Ivliite  River  at  Clarendon,  Ark., 
Sta  7-U77S  V 


Consecutive  Years  of 
Lowest  Mean  I'low 

IncliLs  ive 
Years 

l.owest  Mean 
flow  (c.f.s.) 

Percent  of  Mean  for 
Period  of  Record 

1 

1963 

13,100 

43.6 

0 

1963-64 

15,400 

51.3 

5 

1954-56 

17, ro 

5:’.l 

4 

1953-56 

19,480 

64.8 

5 

1963-6:’ 

19,940 

66.4 

6 

1962-6'’ 

20,980 

69.8 

1959-65 

22,670 

75.5 

8 

1960-6:’ 

23,090 

76.8 

9 

1959-67 

22,890 

■6.2 

10 

1959-68 

24,230 

80.6 

4” 

1924-’’0 

30,040 

100.0 

1/  Regulated  conditions 

I'ablc  65  - Itependable  Yield, 
Ark.,  Sta  7-2635 

.Arkajisas  Riv'cr 

u 

at  Little  Rock, 

Consecutive  Years  of 

Indus  ive 

Lowest  Mean 

Percent  of  Mean  for 

Lowest  Mean  L'lo\\' 

Years 

Plow  (c.f.s.J 

Period  of  Record 

1 

1940 

10,820 

27.2 

0 

1963-64 

14,990 

37.6 

3 

1954-56 

14,240 

35.8 

4 

1953-56 

16,920 

42.5 

5 

1963-67 

19, no 

48.1 

6 

1962-6:’ 

23,120 

58.1 

1962-68 

26,630 

66.9 

8 

1963-70 

29,160 

■’3.2 

9 

1962-70 

30,680 

^7.1 

10 

1931-40 

30 , 560 

76.8 

43 

1928-70 

39,820 

100.0 

\J  Unregulated  conditions.  I'uturc  flows  will  be  regulated. 
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CROIJNI)  IVATliR 


Quaternary  • urt'aee  deposits  of  UTil’A  2 are  underlain  by  I’recambrian, 
Paleozoic,  Cretaceous,  ajid  Tertiary  rocks.  The  Prec^unbrian  ;uid  Paleo- 
zoic rocks  are  exposed  only  in  small  areas  in  the  uplajtds,  Cretaceous 
;md  lertiary  rocks  wliich  mderlie  tlie  Mississipj)i  River  alluviuii  and 
Quaternary  terrace  dejxjsits  arc  exposed  in  small  areas  along  tlie  western 
side  of  the  Mississippi  alluvial  i)lain  and  on  Crowleys  Ridge. 

Tlie  Quaternary  deposits,  principally  tl\e  Mississippi  River  Valiev- 
alluvial  ac(uifer,  supply  most  of  the  ground  water  ptmipcd  for  irrigation 
and  industrial  purposes  in  lvRlA\  2;  tlie  Sparta  S;uid  and  the  Memplus 
aquifer  su]iply  most  of  the  remainder.  Otlier  aquifers  capable  of  yield- 
ing large  quantities  of  ground  water  are  tlie  MeXairy  and  X'acatoch  Simd 
in  tlie  northern  [lart  of  the  area;  the  lower  IVilcox  aquifer  in  the 
northern  and  central  part;  the  Cockfield  Foniuitioii  in  the  southern  part; 
and  the  Carrizo  Siuid  in  the  central  and  southern  jiart  (figure  12PJ. 

Most  of  the  recharge  to  Quaternary  aciuifers  is  from  precijii  tat  ion 
on  the  surface.  The  underlying  artesian  aquifers  in  much  of  the  area 
are  recharged  in  the  upliuids  to  the  east  ;uid  northeast  in  KRl’A  3.  The 
iiKivement  of  ground  water  in  the  artesiiui  aiiuifers  is  westuai-J  1 rom  the 
uplands  to  areas  of  lower  hydraulic  head  in  the  alluvial  plain.  Some 
recharge  occurs  in  the  small  areas  wiiere  the  artesian  acjuifers  crop  out 
in  the  western  part  of  the  area,  llie  recharge-discharge  relation  be- 
tween the  Quaternary  aquifers  and  the  underh  ing  artesian  aquiters  is 
dependent  on  hydraulic  head  differences;  the  movement  of  ground  water 
will  be  into  the  aquifer  with  tlie  lower  head. 


Paleozoic  /Viuifers 

'nic  Potosi  dolomite  of  Camliriaii  age  is  the  only  aquiler  in  the 
Ozark  Plateau  of  Missouri  that  is  commonly  capable  of  large  vields  to 
wells;  however,  several  tkimbrian  and  Ordovician  s;indstone  and  dolomite 
aquifers  are  capable  of  vielding  10  to  75  gjim  to  individual  wells  (15P). 
Larger  supplies  may  be  olitained  from  wells  open  in  several  water- 
Ixiaring  zones. 

Ihe  Cajnbrian  and  Ordovician  I'ocks  generally  yield  hard  calcium- 
magnesium  bicarbonate  water.  The  dissolved-sol ids  content  of  water  Irom 
the  Potosi  dolomite  is  generally  less  than  300  mg/1,  ;ini.l  the  iron  content 
is  less  than  0.3  mg/1. 

In  the  Arkiinsas  Valley,  groiuid  water  is  available  in  limited  qiuui- 
tities  from  Paleozoic  rocks  of  low  permeability  [I").  Yields  of  wells 
arc  mostly  less  tlian  10  gpm,  ;md  the  quality  of  the  water  varies  con- 
siderably from  place  to  place. 


Ground  water  in  the  Ouachita  Mountains  principally  occurs  in  joints, 
fractures,  ;md  bedding  plime  separations  (2).  Tlie  coefficient  of  trans- 
missibility  for  aquifers  in  the  tXiachita  Nfountains  is  generally  less 
than  1,000  gpd  per  foot,  and  well  yields  are  less  tlrm  10  gpiii. 


Cretaceous  Aquifers 


McNairv  and  Niacatoch  Sand 

itie  McNairy  Semd  (.in  Missouri)  ;uid  N'acatocii  Simd  (in  Arkansas)  con- 
tain fresh  water  in  about  40  percent  of  IVRI’A  2,  or  in  approximately  tlie 
northern  onc-lialf  of  the  part  of  WRl’A  2 lying  in  tlie  Coastal  Plain.  Tlie 
aquifer  is  used  iix)stly  in  tlie  western  and  northern  parts  of  the  area 
where  it  contains  fresh  water  and  occurs  at  shallow  depths.  The  utilisa- 
tion of  the  aquifer  is  slight  because  sufficient  water  for  present  needs 
is  available  from  shallower  aquifers  in  Tertiary  ;uid  Qiuinternary 
deposits. 

On  the  basis  of  aquifer  tests  in  lennessee  and  Kentucky  113),  the 
coefficient  of  transmissibi 1 ity  for  the  McNairy  S;md  in  Missouri  is  prob- 
ably 10,000  to  20,000  gjid  jier  foot  for  thicker  sands;  however,  in  some 
places  the  fonnation  does  not  include  sands  thick  enough  for  even  small 
wells.  Wells  iiuide  at  favorable  locations  are  reported  to  yield  more 
than  1 mgd.  The  Xacatoch  Stmd  in  northern  Arktmsas  is  the  siuiie  unit  as 
the  McN'aiiy  S;md  in  Missouri  ;uid  is  similar  in  hydraulic  character ist ics. 

In  Missouri,  water  from  the  McNairy  S;uid  clvuiges  from  a calcium  bi- 
carlKinate  t>Tie  near  tlie  outcroji  area  to  a sodium  bicarbonate  t>ye  doMi 
the  dip.  At  some  places  in  the  northeni  part  of  the  area,  tlie  high 
dissolved-solids  content  of  water  in  tlie  McNairy  Sand  at  some  localities 
nuiy  be  the  result  of  upward  movement  of  water  from  Paleozoic  rocks. 

Water  withdrawn  from  the  Nacatoch  and  McNair>-  S;uids  in  WRl’A  2 is 
estimated  to  total  about  3 mgd.  Plowing  wells  probably  accoiuit  for  most 
of  the  water  withdrawn  from  the  aquifer.  The  potential  yield  of  the 
Cretaceous  aquifers  in  WRl’A  2 is  estimated  to  Ix’  about  40  mgd  (table  23). 


I'ertiary  Aquifers 


bower  Wilcox  Aquifer 

T)ic  Wilcox  C.rouji  contains  thick  extensive  Ixds  of  sand  in  the  sub- 
surface in  the  northern  two-thirds  of  WHI’A  2.  A zone  of  interconnected 
sand  beds  in  the  lower  part  of  the  Wilcox  Group,  the  lower  Wilcox  aqui- 
fer, attains  a maximum  thickness  of  about  400  feet  in  southeastern  Mis- 
souri. because  of  its  favorable  hydraulic  characteristics,  areal  ex- 
tent, and  good  quality  water,  the  lower  Wilcox  is  a large  potential 
source  of  groimd  water. 


Nbdorate  to  large  yields  caji  be  expected  from  wells  tapping  tlie 
lower  Wilcox  aquifer  in  Wld’A  2.  The  largest  yield  reported  for  such 
vvells  is  2,000  gpm  at  West  Memphis,  ^\rk.  [50],  Results  of  pumping  tests 
in  Arkansas  and  nearby  parts  of  Tennessee  indicate  coefficients  of  trans- 
missibility  ranging  from  100,000  to  more  than  150,000  g])d  ])er  foot  and 
permeabilities  of  the  magnitude  of  1,000  gpd  per  square  foot. 

fhe  largest  withdrawals  from  the  lower  Wilcox  are  in  the  Memphis, 
renn.,-West  Memphis,  Ark.,  area  idicre  about  20  mgd  is  withdrawn.  Al- 
though Memphis  is  not  in  WRl’A  2,  the  cone  of  depression  in  the  lower 
Vv'ilcox  aquifer  covers  an  appreciable  area  west  of  the  Mississippi  River. 
The  total  withdrawal  in  WRl’A  2 (excluding  withdrawals  at  Memphis)  is 
estimated  to  Ix’  about  12  mgd. 

Water  in  tlie  lower  Wilcox  aquifer  is  generally  a soft  sodium  bicar- 
bonate t>Tie.  The  dissolved-sol ids  content  of  the  water  is  less  than 
500  mg/1  in  about  90  percent  of  the  area  where  tlie  aquifer  contains 
fresh  water,  ;uid  the  water  is  conmonly  suitable  for  general  use  without 
treatment.  Tlie  estimated  potential  yield  of  the  lower  Wilcox  aquifer  in 
WTd’A  2 is  about  55  mgd. 

Carr i to  Sand 

The  Carrizo  Sand  is  virtually  undeveloped  in  Wld’A  2,  The  aquifer 
contains  fresh  water  in  a narrow  zone  extending  westward  from  the  Missis- 
sippi River  south  of  Memphis  and  south  to  Pine  Bluff  (figure  62).  North 
of  this  area  the  Carrizo  S;md  becomes  the  lower  part  of  the  lanphis  aqui- 
fer (figure  65). 

Tlie  Carrizo  Simd  averages  about  100  feet  in  thickness  in  WRl’A  2.  On 
the  basis  of  aquifer  tests  made  in  the  Meridian-uiiper  Wilcox  aquifer,  the 
cxiuivalent  of  the  Carrizo  in  Mississippi,  the  coefficient  of  transmis- 
sibility  for  the  Carrizo  is  estimated  to  lx  about  50,000  gpd  per  foot  in 
WRl’A  2. 


Water  in  iixst  of  the  Carrizo  S;md  in  Wlll’A  2 is  moderately  mineral- 
ized (500  to  1,000  mg/1)  in  the  downdip  areas  for  which  data  arc  avail- 
able; however,  the  dissolved-sol ids  content  at  shallower  depths  in 
the  western  part  of  the  area  is  less  than  500  mg/1. 

Withdrawals  from  the  Carrizo  Sand  in  WTII’A  2 arc  negligible.  The 
aquifer  is  a reserve  source  of  water  capable  of  yielding  about  54  mgd 
for  uses  vvliere  the  water  quality  can  lx  tolerated. 

C;uie  River  Poniiation 

The  Cane  River  Pormation  in  Arkansas  is  a marine  clay  in  the  south- 
ern part  of  Wld’A  2.  The  unit  becomes  sandy  northward,  merging  into  the 
middle  jKirt  of  the  Memphis  aquifer. 
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Memphis  Ac[u I fer 

llic  Memphis  ac(uil'cr  is  not  used  extensively  in  Ivltl’A  2;  liowever,  be- 
cause of  its  excellent  liydraulic  ciiaracteristics,  areal  extent,  ;uid 
thickness,  it  has  the  greatest  potential  of  ;my  aquifer  except  the  Mis- 
sissippi River  alluvial  aquifer  for  meeting  future  requirements  for 
water.  Hie  i)rinciixil  sources  of  recharge  to  tlie  at|ui  for  are  precipita- 
tion on  the  outcrop  area  in  the  uplands  in  IVRl’A  3 and  leakage  from  the 
overlying  Mississippi  River  Valley  alluvial  aquifer  in  Ulll’A  2.  Addi- 
tional rccliarge  occurs  wliere  the  aiiuifer  croj)s  out  in  ia-owlcys  Ridge. 

As  water  levels  in  tlic  aquifer  decline,  the  Mississippi  River  all\)vial 
aciuifer  will  become  a signific;uit  source  of  recliarge. 

Results  of  aciuifer  tests  made  in  Kentucky  and  Tennessee  show  that 
tlie  average  transmissibility  in  U’Rl’A  2 is  pi-obably  in  tlie  21)0,000  g]id 
per  foot  range.  In  much  of  the  area,  the  Mcmplus  ac]uifer  is  capable  of 
yielding  2,000  gpm  or  more  to  large  wells. 

Water  from  tlie  Memphis  acjuifer  is  of  good  ciuality  and  low  in  dis- 
solved solids  ;md  soft.  In  some  jilaces  treatment  for  removal  of  iron 
;uid  pll  adjustment  are  needed.  Softening  may  lie  rexjuired  in  areas  vdierc 
the  aquifer  is  replenislied  by  water  from  tlie  Mississiiqii  River  alluvial 
aciuifer. 

The  present  withdrawals  from  the  Memiihis  aciuifer  in  W'Rl’A  2 total 
about  20  mgd.  A larger  ciuiuitity  of  water,  perhaps  30  to  40  mgd,  moves 
from  WRl’A  2 into  W'Rl’A  3 as  a result  of  withdrawals  at  Memphis,  Tenn. 

Ihe  potential  yield  of  the  Memphis  aciuifer  in  WRPA  2 is  about  400  mgd. 

Sparta  Smid 

The  Sparta  Sand  is  the  most  extensive  artesian  aciuifer  in  the  Lower 
Mississippi  Region.  The  foniiation  crops  out  in  Mississippi,  Teimcssce 
(wliere  it  is  cciui valent  to  the  upper  part  of  the  Memiiliis  aciuifer),  and 
Arkansas,  and  it  foniis  much  ol'  tlie  pre-Quaternar>-  surface  under  the 
Mississippi  Alluvial  Plain.  The  hydrology  of  the  Sparta  has  been  studied 
perhaps  more  th;ui  ;uiy  other  aciuifer  in  tlie  region  [SO,  81,  87].  The 
Sparta  is  recharged  liy  precipitation  on  the  outcrop  and  by  leakage  from 
the  overlying  Mississippi  River  X'alley  alluvial  aciuifer  in  some  areas  of 
heavy  piuiiping.  The  aciuifer  has  been  the  principal  source  of  ground 

water  for  all  uses  except  irrigation  in  the  southei'n  part  of  IVRl’A  2 ;uid 

water  level  declines  have  been  large  in  some  areas. 

Transmissibility  values  for  the  Sparta  Sand  are  not  available  for 
locations  in  IVRl’A  2.  Based  on  pumping  tests  nuide  in  adjacent  areas,  the 
coefficient  of  t ransmissibi  1 it\'  in  IVRl’A  2 probably  ranges  from  20, 000 
to  50,000  gpd  per  foot.  The  Sparta  Sami  is  generally  capable  of  support- 
ing well  yields  of  1 mgd  or  more. 

Water  from  the  Sparta  Sand  in  areas  where  the  aciuifer  is  now  used 
is  generally  a soft  sodium  bicarbonate  type;  however,  in  part  of  Monroe 


!3() 


■A, 


liigli  dissolved-solid-s  content.  In  some  areas,  the  water  requires  treat- 
ment for  iron  removal. 

Withdrawals  from  the  Sparta  Simd  luiiount  to  about  25  mgd  in  WRI’A  2. 
ilie  potential  yield  of  the  aquifer  iji  the  area  is  about  96  mgd.  Much  of 
the  water  level  decline  in  the  Sparta  in  WRI’A  2 is  a result  of  with- 
drawals outside  the  area,  especially  at  Pine  Bluff,  Ark. 

Cockfield  Fomiation 

llie  Cockfield  Fonnation  does  not  crop  out  in  WTll^A  2 tnit  is  overlain 
evcnavliere  by  yoiuiger  deposits,  flic  Cockfield  is  composed  of  up  to 
200  feet  of  irregularly  Ix'dded  fine  sand  and  clay.  Tlie  fonnation  is 
present  in  its  miLximimi  thickness  in  the  soutliern  part  of  WWA  2 wiiere  it 
is  overlain  by  the  JacLson  Croup.  In  the  reiiuiinder  of  the  area  where 
it  occurs,  tlie  Cockfield  is  overlain  hy  and  hydraulically  connected  to 
the  Mississippi  River  alluvium. 

Data  describing  tlie  hydraulic  cliaracteristics  of  tlie  Cockfield 
Fonnation  are  not  available  for  WWA  2.  On  tlie  basis  of  liydraulic  char- 
acteristics detennined  in  adjoining  areas,  the  transmissibility  of  the 
aquifer  probahly  ranges  from  a iiuLximum  of  aliout  50,000  gpd  per  foot  in 
the  soutiieni  part  of  W’RI’A  2 to  less  thiui  10,000  gpd  per  foot  in  the 
central  part  of  tlie  area. 

Water  in  the  Cockfield  Fonnation  in  Wld’A  2 is  a sodium  bicarbonate 
type  excejit  in  areas  where  the  aquifer  is  connected  to  and  recharged  by 
the  Mississippi  River  alluvial  aquifer.  In  these  areas,  the  water  is 
hard,  a calcium  bicarbonate  type  similar  to  water  in  the  allin’iun. 

ilie  Cockfield  is  importimt  as  a source  of  ground  water  for  domestic, 
stock,  and  other  small  wells  Ixicause  it  is  the  shallowest  aquifer  below 
the  Mississippi  River  Valley  alluvial  aquifer  in  the  southern  part  of 
WTd’A  2.  Hie  aquifer  is  also  capable  of  meeting  requirements  for  small 
municipal  luid  industrial  water  supplies.  The  total  withdrawal  in  WTII’A  2 
is  less  than  5 mgd;  liowever,  tlie  aquifer  c;ui  supply  about  20  mgd  in  the 
area. 


Quatemary  Aquifers 


Mississippi  River  Valley  Mluvial  y\quifer 

All  of  Wld’A  2 except  the  Crowleys  Ridge,  Ozark  Plateau,  ;uid  Arkan- 
sas Valley  areas  is  blanketed  by  Quatemary  alluvium.  Tlie  alluvial  de- 
posits are  divided  into  two  areas  by  Crowleys  Ridge.  South  and  west  of 
CrowTcyts  Ridge  lies  an  area  of  predominately  older  alluvium.  Both 
areas  are  parts  of  the  Mississippi  River  Valley  alluvial  aquifer 
although  Crowleys  Ridge  is  a hydrologic  boiuidaiy.  Ilie  alluvium,  averag- 
ing about  100  feet  in  thickness,  is  composed  of  a lower  s;uid  and  grav^el 
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unit  and  aji  upper  unit  of  silt,  clay,  and,  in  places,  fine  sand. 

The  alluvial  sand  and  gravel  deposits  fonn  an  excellent  aquifer. 
Largo  wells,  commonly  yielding  2,000  gpm  or  more,  can  be  made  ;mywhere 
that  a sufficient  thickness  of  alluvium  occurs,  lixceptions  are  in  areas 
underlain  by  clay  "plugs”  or  luiusually  thin  sand  and  gravel  sections. 

The  average  coefficient  of  transmissibility  for  the  Mississippi  River 
alluvium  in  hWA  2 is  about  180,000  g])d  per  foot,  and  values  range  from 
about  70,000  gpd  per  foot  in  Jackson  County  to  about  300,000  gpd  per 
foot  in  Crittenden  Coimty. 

Ground  water  from  the  Mississippi  River  Valley  alluvial  aquifer 
generally  is  a hard  to  very  hard  calcium  bicarbonate  or  calcium  magne- 
sium bicarbonate  ty{:)e,  moderately  mineralized,  and  containing  excessive 
iron.  Tlie  water  temperature  is  near  the  mean  ajinual  air  temjierature, 
which  nmges  from  about  58°  T in  the  northern  part  of  UWA  2 to  about 
04°  r in  the  southeni  part. 

Ihe  Mississippi  River  Valley  alluvial  aquifer  is  the  largest  poten- 
tial source  of  ground  water  in  hlll’A  2,  capable  of  yielding  more  than 
3,000  mgd.  In  much  of  tlic  area,  the  witlidrawals  are  replaced  each  winter 
and  spring  by  precipitation;  liowever,  in  some  areas  the  upper  clay  and 
silt  are  too  impermeable  to  allow  replacement  of  large  withdrawals.  The 
present  puupage  from  the  alluvial  aquifer  in  Kld’A  2 is  about  1,100  mgd, 
about  one-half  of  whicJi  is  used  for  irrigation  in  the  Gnmd  Prairie  Re- 
gion in  Ai'kinsas. 


P.ffects  of  Ground  Water  Withdrawals 
and  Nkmagement  Cc ns i derations 

Most  of  the  major  aquifers  iji  KlU’A  2 have  experienced  some  decline 
in  regional  water  levels.  The  aquifers  affected  are  (1)  tlie  Mississippi 
River  Valley  alluvial  aquifer  in  the  Grand  Prairie  Region,  (2)  the 
Menijihis  aquifer  in  the  Memphis-West  Memphis  area,  (3)  tlie  Sparta  Sand 
in  tlie  southwcsteni  part  of  the  area,  and  (4)  the  lower  Wilcox  aquifer 
in  the  Mcm{ihis-Wcst  Memjihis  area. 

In  the  Grand  Prairie  Region,  the  upper  part  of  the  Quaternary  allu- 
vium is  sufficiently  impermeable  that  recharge  from  precipitation  docs 
not  replenish  annual  withdrawals  for  rice  irrigation.  The  withdrawals 
have  produced  a widespread  depression  in  the  iiotentiometric  surface  of 
the  aquifer;  however,  stabilization  appears  to  lie  approaching  as  water 
level  declines  have  essentially  ceased  in  the  central  part  of  the  cone 
and  are  proceeding  at  a steadily  decreasing  rate  around  the  ]icriphcry. 
Ihc  aquifer  should  be  able  to  supply  irrigation  denuuids,  at  least  at 
the  present  withdrawal  rate. 
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A largo  cone  of  depression  in  the  Memphis  aquifer  lias  developed  as 
a result  of  withdrawals  for  mimicipal  and  industrial  use  in  the  Memphis, 
Tenn.,  area,  Althougli  the  lowering  is  not  serious,  the  water  levels  are 
now  about  100  feet  below  the  original  level  at  tlie  center  of  tlie  af- 
fected area,  and  tlie  effect  is  measurable  in  adjacent  parts  of  ^Vrkansas 
:uid  Mississippi.  A similar  cone  of  depression  has  developed  in  the 
lower  Uilco.x  aquifer. 

Withdrawals  from  the  Sparta  Sand  liave  resulted  in  a regional  lower- 
ing of  water  levels  in  tlie  aquifer  averaging  about  70  feet.  The  largest 
declines  have  occurred  in  the  southwestern  part  of  W'R1\\  2 as  a result  of 
piDiiping  at  Pine  Bluff  (in  WIU’A  5). 

Other  management  considerations  include  phmned  areal  distribution 
of  ground  water  withdrawals  to  achieve  optiimuii  yield;  continued  studies 
of  the  potential  for  artificial  recharge;  resei'vation  of  good  quality 
ground  water  for  highest  priority  itses;  better  delineation  of  shallow 
and  intennediate  saline  water  bodies;  better  delineation  of  the  downdip 
extent  of  fresh  water;  and  the  utilization  of  saline  water. 
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W i;  P A 3 


INTRODUCTION 


UW'A  3 occupies  a smll  area  of  Illinois  around  Cairo,  111.;  a por- 
tion of  West  Kentucky  containing  the  Mayfield  Creek,  Obion  Creek,  and 
Bayou  du  (Tiien  Ivisins;  a portion  of  Tennessee  uest  of  the  Tennessee 
River  Divide;  :md  tlie  extreme  northwestern  portion  of  Mississippi  con- 
taining part  of  the  ILitchie  River,  Nonconnali  and  Horn  Lake  Creek  Basins. 
I'he  area  covers  10 ,(>53  square  miles,  or  about  10  percent  of  the  total 
area  of  the  Lower  Mississippi  Region. 

The  area  is  lx)unded  on  the  north  by  the  Ohio  River  Valley  Divide, 
on  the  east  by  the  I'ennessee  River  Valley  Divide,  on  the  soutli  by  the 
I'icksburg  District -Maiiphis  District  boundary,  and  on  the  west  by  the 
Mississippi  River.  The  area  is  about  150  miles  long  with  a imcximun 
width  of  about  90  miles. 

The  most  distinct  physiographic  feature  of  WllPA  3 are  the  l.oess 
Hills  which  follow  the  Mississippi  River  for  the  length  of  the  area, 
iiie  Loess  Hills  are  the  result  of  ;in  epoch  of  aggradation  by  wind.  Tlicse 
hills  are  distinguished  by  the  almost  vertical  bluffs  left  by  erosion, 

:ind  they  overlie  the  steep  slopes  along  the  eastern  side  of  the  Missis- 
sippi Alluvial  Plain.  I'he  Loess  Hills  rise  to  about  500  feet  above  sea 
level  at  tlie  north  end  and  decline  in  elevation  toward  the  south. 

Cmstal  movement  has  playexi  an  important  role  in  creating  the  e.xisting 
landfonns  in  the  northern  end  of  the  UWA.  The  most  conspicious  remnant 
of  earthquakes  is  Reelfoot  Lake,  which  lies  directly  over  a major  fault 
in  the  basement  rocks  in  the  northwest  corner  of  Tennessee. 

Strecuns  originating  within  this  UW’A  averaged  about  19  inches  of 
runoff  per  year,  or  13,800  cubic  feet  per  second  (c.f.s.1  during  tlie 
period  of  record. 

The  W'Rl’.A  is  drained  by  four  iiujor  rivei'  systems  and  by  numerous 
lesser  creeks.  Ihe  nujor  rivers  arc  the  Obion,  Hatchie,  Loosahatcliie , 

;ind  Wolf  Rivers.  Of  the  four,  the  stre<'iin  gradients  for  the  Obion  system 
are  the  steepest,  ranging  from  about  3.3  feet  per  mile  in  the  upper 
reaches  to  about  0.4  foot  per  mile  near  the  Mississippi  River.  Die 
Obion  Basin  contributes  about  21  inches  of  runoff  per  year  in  Uld’A  3. 

Ihe  stre;ua  gradient  for  the  Hatchie  ranges  from  about  2.4  feet  per 
mile  in  the  upper  reaches  in  Mississippi  to  about  0.9  foot  per  mile  ui 
the  lower  portion  in  I'ennessee.  The  basin  contributes  about  18  inches 
of  mnoff  per  year  in  WW’A  3. 

The  Loosaiiatchie  has  a gradient  of  about  2.0  feet  per  mile.  The 
basin  contributes  about  19  inches  of  mnoff  per  year  in  WllPA  3. 


211 


riie  stream  gradient  tor  the  Wolf  is  about  2.8  feet  j)er  mile,  ihc 
basin  contributes  about  18  inches  of  runoff  per  year  in  KW’A  5. 

The  lesser  systems  in  the  area  are  drained  by  Mayfield  Creek, 

Obion  Creek,  Bayou  du  Cliien,  Reel  foot  Bayou,  and  .Nonconn;ih  Creek. 

Soils  along  the  streajiibetls  and  banks  consist  of  Pleistocene  loams, 
loess,  gravels,  and  sand.  Most  of  the  area  is  covered  by  a thin  deposit 
of  locun  varying  in  thickness  to  a maximmn  of  about  12  feet. 

Ihe  largest  cities  in  the  area,  with  their  1970  populations,  are: 
Memphis,  I'enn.  - 025,530;  Jackson,  Tenn.  - 59,99b;  and  IK’crsburg, 
lenn.  - 14,523. 


SURl-AO;  IVATER 


The  majority  of  the  streamflow  which  originates  within  UTil’A  3 is 
produced  by  the  Obion  and  Hatchie  River  Basins.  At  the  present  time, 
there  is  no  regulation  by  major  dams  on  streams  in  this  area.  There 
are,  however,  numerous  headwater  retention  structures  on  the  lesser 
streams . 


Quantity 

The  annual  mean  discharge  of  streaiius  originating  in  Uld’A  3 is 
13,810  c.f.s.  (10.0  million  acre-feet  annually).  This  averages 
1.3  c.f.s.  per  square  mile.  This  is  a high  yield  when  comjiared  to  that 
for  the  rest  of  the  region.  There  is  no  additional  discharge  contrib- 
uted to  the  area  from  the  outside. 

Present  Utilization 

Surface  water  withdrawals  from  streams  in  Wd’A  3 during  1970  aver- 
aged about  850  c.f.s.,  and  were  equivalent  to  about  6 percent  of  the 
mean  anntu.il  flow  generated  within  the  area.  Surface  water  withdrawals 
constituted  about  07  percent  of  the  total  water  withdrawn  in  the  area, 
with  the  renuiinder  coming  from  ground  water  sources.  Major  surface 
water  withdrawals  were  for  thermoelectric  power  prc’-uction  (670  c.f.s.) 
and  for  fish  and  wTldlife  mitigation  (135  c.f.s.). 

Withdrawals  from  ground  water  sources  in  Wld’A  3 during  1970  aver- 
aged about  420  c.f.s.  'The  major  uses  of  these  withdrawals  were  for 
municipal  water  supply  (210  c.f.s.)  and  for  industrial  purposes 
(145  c.f.s).  All  of  the  water  withdrav\n  for  municipal  use  in  the  area 
was  taken  from  ground  water  sources. 

About  215  c.f.s.,  or  17  percent  of  the  total  ground  and  surface  wa- 
ter withdrawals  from  Wld’A  3 during  1970,  were  consumed.  'The  rcnuiining 
1,055  c.f.s.  that  was  withdrawn  was  released  and  returned  to  streams. 

;\  net  decrease  in  streamflow  of  205  c.f.s.  resulted  from  this  return 
flow.  Mijor  consumption  of  water  was  for  municipal  water  supply,  which 
used  an  average  of  78  c.f.s.  Major  nonconsumjitive  uses  of  water  in  the 
area  were  for  fishing,  boating,  and  other  water  sports. 

Additional  information  on  the  withdrawals  of  ground  and  surface 
water  in  Wd’A  3 during  1970  is  given  in  table  15  of  the  Regional  Summary. 
Also  presented  in  this  table  are  pertinent  data  on  the  consumption  of 
water  in  this  URl’A  and  in  each  of  the  other  areas  in  the  Lower  Missis- 
sippi Region. 

St  ream  *lanagemenj^ 

tiomiiet  it  ion  for  water  among  the  various  users  necessitates  efficient 
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stre;im  numagcment . The  WRl’A  3 stre:un  numagomcnt  practices  include 
changes  in  stre;un  systems  by  the  development  of  levees,  channel  iiii])rove- 
ments,  and  diversion  of  water  for  various  uses.  Some  of  these  ju'actices 
may  not  cause  marked  changes  in  stre;unriow,  and  ii)an\-  subsequent  years 
oT  stre:miriow  records  may  be  required  to  define  their  effects  on  the 
stre;uu  system. 


ImpoiuKbnents.  Table  07  gives  pertinent  data  on  tlte  onl\-  reservoir 
in  UTtl’A  3 which  lias  a total  capacity  of  3,000  acre-feet  or  more.  This 
resen^oir  is  now  luider  constniction  ;uid  will  conti'ol  a di’ainage  aiea  ol' 
about  Ih.d  .square  miles  in  tlie  upper  part  of  the  Middle  fork  of  the 
Obion  River  watershed. 


Table  07  - Reservoir  Ikiving  a Total  Capacity  of 


5,000  .Acre-feet  or  More, 

MITA  3 

Tota  1 

.Surface 

Storage 

.Area 

Xame 

Stream 

(.acre  - feet  j 

(acres ) 

Purpose 

S.C.S.  Site  .\o. 

5 Middle  fork  Obion 

5,900 

545 

flood 

River 

cont  ro 1 

Channel  modificat  ion.  Tliroughout  Kltl'A  3,  cliaiuiel  modification  has 
taken  place  on  many  of  tlie  stre;uiis.  ITood-protect  ion  projects  liave  been 
built  on  many  of  the  stre;mis  in  the  area.  These  projects  include  levees, 
drainage  stnictures,  and  channel  clearing  and  constniction.  There  are 
no  navigation  projects  on  any  of  the  stre;uiis  in  Wd’A  3. 

Stre.'uiif  low 

The  liase  period  of  streiunflow  data  for  URTA  3 varies  de|iending  upon 
the  period  of  record  available  at  each  gage  site,  for  each  of  the  .se- 
lected gaging  stations,  the  iieriod  of  record  jirovides  reasonably  good 
data  for  statistical  analysis  and  study,  and  tlie  data  are  consideretl 
representative  of  flows  which  could  occur  under  1973  levels  of 
development . 

Measurement  fac i 1 i t ies . .Stre.'unflow  data  at  Id  sites  were  selected 
Tor  detailed  study  in  1\TIPA  3.  Locations  of  these  sites  aie  shown  in 
figure  130,  a maji  of  the  mean  annual  nuioff  for  the  area,  and  are  iden- 
tified by  the  U.  S.  Ceological  .Survey  station  nimihers.  Table  08  is  a 
.siuiimary  of  the  streamflow  data  at  each  of  the  .selected  sites  ;uid  pre- 
sents pertinent  data  for  each  site. 

■Average  discharge  for  IVRl’A  3.  ,\  graphical  representation  of  the 

average  monthly  discharge  generated  within  Wtl’A  3 is  shown  in  figure  131. 


MEAN  DISCHARGE,  THOUSAND  CUBIC  FEET  PER  SECOND 
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1 igui'c  131  presents  the  iivixiintuii,  me;ui,  and  miniimuii  iiBiithly  flows  for 
the  area.  .\1 1 of  the  flows  originate  from  within  the  Ulll’A  with  no  flows 
entering  the  area  from  the  outside. 

■\verage  discharge  for  selected  stations.  Detailed  data  for  e\tch  of 
the  sites  listed  in  table  68  arc  presented  in  tables  59-80,  which  arc 
sel f-e.xplanatory.  The  tabulated  flows  reflect  regulation  iuid  use  for  a 
period  of  record  that  is  representative  of  1975  levels  of  development  in 
the  arc'a. 


l igurcs  152-145  ])rcscnt  peak  flow  frcqucncx’  curves  for  selected 
sites  in  UKFA  5.  These  curves  are  a reflection  of  the  cmnual  peak  dis- 
charges for  the  station  and  were  computed  using  the  st;uidard  method  of 
the  Corps  of  lingineers  [5|. 

Low  flow  frequency  curves  for  selected  sites  are  shown  in  figui'cs 
144-155.  These  curves  represent  the  lowest  average  flows  for  periods  of 
5,  7,  14,  50,  and  120  consecutive  days. 

Duration  curves  for  daily  flows  at  selected  sites  in  UltPA  5 are 
presented  in  figures  156-157.  These  curves  indicate  the  percent  of  time 
that  any  given  flow  at  the  site  is  equaled  or  exceeded. 

■fables  81-92  present  data  on  the  dependable  yield  characteristics 
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at  each  of  the  selected  discharge  sites.  I'hcse  tables  show  the  lowest 
mciin  flows  for  fran  one  to  ten  consecutive  years  of  the  period  of  record 
Hie  relationship  of  these  lowest  me;ui  flows  to  the  period  of  record  mean 
flow  is  also  shown.  I'he  minimum  yearly  flow  for  the  stations  in  Kld’A  3 
ranges  between  13  and  4"  percent  and  averages  31  percent  of  the  mean  an- 
nuli 1 flow. 

lor  the  ten  consecutive  years  of  lowest  me;in  flow,  the  dependable 
yield  averages  about  80  percent  of  the  me;m  ajmual  flows  for  the  UllRA. 


flow  Velocities 

No  f 1 ow  ve 1 oc i t ies  for  streams  in  UTd’A  3 were  available  for  publ ica 
tion  in  this  report  due  to  a lack  of  travel  time  studies  in  the  area. 

River  Profiles 

Representat iv'e  river  profiles  are  presented  in  figures  IbS-ni. 
llie  profiles  were  prepared  using  topographic  maps  and  ikita  from  avail- 
able reports. 


Qual i ty 

I'he  quality  of  surface  waters  in  K'Rl’A  3 is  such  that  generally  they 
would  be  e.xcellent  sources  for  mimic ipal  and  industrial  water  supplies. 
The  dissolved-sol  ids  content  in  siunples  collected  at  19  sites  ranged 
fran  13  to  248  mg/1,  and  most  samples  contained  less  th.in  50  mg/1  of 
dissolved  solids  (table  93).  Water  from  streans  draining  most  of  the 
unconsolidated  deposits  is  soft  (O-bO  mg/1  hardness  as  CaCO^) . The  wa- 
ter has  a low  dissolved-sol ids  content  and  only  small  variations  in  the 
chemical  characteristics.  For  most  uses,  it  would  be  desirable  to  treat 
for  color,  for  iron  removal,  and  for  pll  control.  The  dissolved-solids 
content  of  water  from  streams  draining  terrace  dejiosits  is  the  highest 
in  the  area  but  is  not  excessive.  Water  from  these  deposits  is  very 
hard  (more  than  180  mg/1  hardness)  and  for  iiumy  uses  softening  would  be 
desirable.  The  princi[ial  constituents  of  water  in  the  streams  draining 
terrace  deposits  are  calcium,  magnesium,  and  bicarbonate  [108]. 
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Table  81  - DopentkilUe  Yield,  Mavfield  Creek  at  Lovelaceville,  Kv., 
Sta  7-0230 


Consecutiv^c  Years  of 
Lowest  Me;m  Flow 

Inclusive 

Years 

Lowest  Meaji 
Mow  (c.f.s.J 

Percent  of  Mean  for 
Period  of  Record 

1 

1941 

31 

13.3 

2 

1940-41 

105 

44.7 

3 

1941-43 

125 

53.4 

4 

1941-44 

125 

53.4 

5 

1940-44 

135 

5’’. 9 

6 

1939-44 

154 

65.9 

*7 

1940-46 

183 

”8.2 

8 

1940-4” 

186 

”9.4 

9 

1940-48 

18” 

80.0 

10 

1939-48 

193 

82.6 

30 

1939-68 

234 

100.0 

Talile  82  - Dcpcndtiblc  Yield,  South  I'ork  Obion  River  near 
Greenfield,  Teiui.,  Sta  7-0245 


Consecutive  Years  of 
Lowest  Me;m  Flow 

Inclusive 

Years 

Lowest  Me;m 
Flow  Jj: . f . s . ) 

Percent  of  Mean  for 
Period  of  Record 

1 

1941 

136 

24.9 

2 

1940-41 

220 

40.3 

3 

1940-42 

281 

51.4 

4 

1940-43 

.316 

5”.  8 

5 

1940-44 

33” 

61.6 

6 

1939-44 

382 

69.9 

1938-44 

406 

”4.2 

8 

1936-43 

4.34 

:’9.4 

9 

1936-44 

433 

"9.2 

10 

1934-43 

451 

82.6 

40 

1930-69 

546 

100.0 

204 


i 
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Table  85  - Ik'peiubble  Yield,  North  I'ork  Obion  River  near 
llnion  City,  Teim.,  Sta  7-0255 


Consecutive  Years  of 
Lowest  Mean  Flow 

Incliv^  ive 
Years 

Lowest  Mean 
Mow  (c.f.s.) 

Percent  of  Mean  for 
Period  of  Record 

1 

1941 

M4 

28.5 

2 

1940-41 

308 

50.3 

3 

1941-43 

354 

5-.8 

4 

1940-43 

3’6 

61.4 

5 

1940-44 

390 

63.8 

6 

1939-44 

425 

69.5 

*7 

1938-44 

429 

70.1 

8 

1936-43 

45'’ 

■’4.'7 

0 

1936-44 

456 

:’4.6 

10 

1938-4:^ 

483 

"9.0 

40 

1930-69 

611 

100.0 

fable  84  - 

nependal’ilc  Yield, 
Sta  7-0260 

Obion  River  at 

Obion,  Tenn., 

Consecutive  Years 

of 

Inclusive 

Lowest  Mean 

Percent  of  Me;m  for 

Lowest  Me;ui  Flow 

Years 

Flow  (c.f.s.J 

Period  of  Record 

1 

1941 

569 

20.6 

2 

1940-41 

1,008 

36 . 4 

3 

1940-42 

1 '7')“' 

1 , A,  4-  . 

44.3 

4 

1940-43 

1,308 

47.3 

5 

1940-44 

1,399 

50.6 

6 

1939-44 

1,659 

60.0 

1938-44 

1,"27 

62.4 

8 

•1940-47 

1 , ".96 

64.9 

9 

1940-48 

1,830 

66.1 

10 

1939-48 

1,943 

"0.2 

40 

1930-69 

2,420 

100.0 

2()5 


lalile  SS  - i)epciKlahl 0 YielJ,  Soutli  lork  ol  lorkcd  Dcvr  Riwr 
at  Jackson,  I'enn.,  Sta  7-1)275 


Consecutive  Years  of 
Lowest  Mean  flow 

Inc  lus  i ve 
Years 

Loue^-t  Mean 
I'lou  tc.f.s.j 

Percent  of  Me;m  for 
Period  of  Record 

1 

1941 

192 

">  ” — 

■y 

1940-41 

296 

42.6 

5 

1940-42 

555 

51.1 

4 

1940-45 

582 

55.1 

5 

1940-44 

44"' 

64.4 

0 

1959-64 

516 

■'4.3 

1965-69 

555 

"^“.0 

8 

1956-45 

556 

9 

1 959-6"’ 

551 

"6.4 

10 

1959-68 

542 

"S.O 

40 

1950-69 

694 

100.0 

ra'nlo  8t>  - Dc'poiKlahlo  'I'ioKl,  Soutn  I'ork  of  forked  l)eer  lUver 
near  Halls,  lenn. , Sta  7-0281 


Consecutive  Years  of 
Lowest  ^le;m  flow 

I nc  1 i ve 
Y<.-ai's 

Lowest  Mean 
Now  (c.f.s.) 

Percent  of  Mean  for 
Period  of  Record 

1 

1963 

631 

4".  4 

1959-60 

""S.' 

58.8 

3 

1959-61 

828 

62.3 

4 

1960-63 

997 

75.0 

5 

1959-63 

967 

72. " 

6 

1959-64 

983 

"3.9 

7 

1963-69 

1 ,0""3 

80 . 6 

8 

1960-(v 

1,058 

"’9.5 

9 

1959-6"' 

1,034 

■"".8 

10 

1959-68 

1,062 

"9.9 

23 

194" -69 

1,330 

100.0 

20(1 


K 
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Tablo  S7 


- i>c'ix'ndahle  YieKi,  .\ortii  1-ork  of  1-orkod  Dt'cr  River 
at  IVersInir;^ , Tenn.,  Sta 


t!onseeut  i \e  Years  of 
Ix^uest  Mean  ['Iok 

Inelir^  ive 
Years 

Lowest  .^lean 
Ilow  le.f.s.) 

I'erceitt  of  Mean  for 
Period  of  Record 

1 

190.3 

4 "4 

35.  ” 

-> 

1059-00 

■'4'' 

50.3 

7} 

1959-01 

853 

04.3 

4 

1905-00 

98” 

”4.4 

5 

1959-03 

9"'0 

”5. 1 

(> 

1959-04 

979 

73.8 

1903-09 

1,041 

'’8.5 

8 

1959-0(1 

1,040 

”8.4 

9 

1959-0" 

1,045 

”8.” 

10 

1959-08 

I ,00” 

80.4 

7 ”> 

1948-09 

1,-32” 

100.0 

I'ahle  88  - 

Dependable  'I'ield, 
Sta  7-0295 

llatchie  River, 

liolivar,  Tenn., 

Consccut i ve  Years 

of 

Incla'^  ive 

Lowest  Mean 

Percent  of  Mean  for 

Lo\\'est  Me.'ut  Flo\\ 

Yeai's 

Plow  (e.f.s.) 

Period  of  Record 

1 

1941 

969 

42.4 

2 

1940-41 

1,110 

48.9 

3 

1940-42 

1,240 

54.3 

4 

1940-43 

1,2'’0 

56.0 

5 

1940-44 

1,492 

05.4 

6 

19.38-43 

1,062 

”2.9 

"" 

193'’- 43 

1,”59 

7".l 

8 

1930-4.3 

1 ,”29 

”5.8 

9 

1936-44 

1,"98 

"8.8 

10 

1934-43 

1,'’93 

78.6 

40 

1930-09 

->  TgT 

100.0 

2b7 


t 
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Table  89  - Dcpcnckiblc  Yield,  llatchie  River  at 
Rialto,  Tenn.,  Sta  7-0300.5 


Con-secutive  Years  of 
Lowest  Me;m  Flow 

Indus  ivc 
Years 

Lowest  Mean 
Flow  (c.f.s.J 

Percent  of  Me;m  for 
Period  of  Record 

1 

1941 

960 

30.5 

1 

c. 

1940-41 

1,263 

40.1 

3 

1940-42 

1,592 

50.5 

4 

1940-43 

1,680 

53.3 

5 

1940-44 

1,967 

62.4 

6 

1940-45 

2,367 

75.1 

1963-69 

2,599 

82.5 

8 

1960-67 

2,697 

85.6 

9 

1959-6:’ 

2,667 

84.7 

10 

1959-68 

2,  ■’09 

86.0 

30 

1940-69 

3,150 

100.0 

Table  90  - 

Dcpciukible  Yield,  Loosiiliatcliie 
Bnuisvvick,  Teiui.,  Sta  7-0302 

River  at 

.8 

Consecutive  Years  of 

Inclasive 

Lowest  Mean  Percent  of  Mean  for 

Lowest  Mean  Flow 

Years 

I'low  [c.f.s.j 

Period  of  Record 

1 

1941 

141 

19.8 

? 

4m 

1940-41 

192 

27.0 

3 

1940-42 

295 

41.5 

4 

1940-43 

33" 

47.4 

5 

1940-44 

428 

60.2 

6 

1963-68 

533 

"5.1 

7 

1963-69 

533 

75.1 

8 

1960-6'" 

552 

7-7  y 

9 

1959-67 

544 

76.6 

10 

1959-68 

553 

■^7.9 

30 

1940-69 

710 

100.0 

208 


-£.■ . 
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Table  91  - Dependable  Yield,  IVolf  River  at  Rossville,  Term., 
Sta  7-0305 


Consecutive  Years  of 
Lowest  Me;m  Flow 

Inclusive 

Years 

Lowest  Mean 
Flow  (c.f.s.J 

Percent  of  Mean  for 
Period  of  Record 

1 

1941 

277 

42.2 

2 

1940-41 

291 

44.3 

3 

1940-42 

357 

54.3 

4 

1940-43 

387 

58.9 

5 

1940-44 

449 

68.4 

6 

1938-43 

504 

'’6.8 

/ 

1936-42 

517 

78.8 

8 

1936-43 

512 

78.0 

9 

1936-44 

533 

81.1 

10 

1934-43 

543 

82.7 

40 

1930-69 

656 

100.0 

Fable  92 

- Dependable  Yield, 
Sta  7-0317 

Wolf  River  at 

Raleigli,  Tenn., 

Consecutive  Years  of  Inclusive 

Lowest  Mean 

Percent  of  Mc;m  for 

Lowest  Me;m 

Flow  Years 

i-'low  Fc.f.s.j 

1 Period  of  Record 

1 

1941 

395 

38.0 

2 

1940-41 

414 

39.8 

3 

1940-42 

564 

54.2 

4 

1940-43 

611 

58.8 

5 

1940-44 

6P8 

67.1 

6 

1959-64 

78:^ 

75.7 

1938-44 

838 

80.6 

8 

1959-66 

836 

80.4 

9 

1959-67 

844 

81.2 

10 

1959-68 

868 

83.4 

33 

1937-69 

1,040 

100.0 

2b0 


L. 
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tiReUJ.M)  Iv'ATliR 


(!retaceous  rocks  crop  out  in  tlic  southeastern  [xirt  of  Ultl’A  3 and 
are  overlain  to  tlie  west  by  progressively  younger  Tertiary  and  Quaternar\’ 
deposits.  Tlie  oldest  unit  ex]iosed  at  tlie  surface  is  the  Coffee  Sand. 

■file  yoimger  luiits  outcropping  to  tlie  west  are  the  Heinoiiolis  1-onnation, 
McXaiiy  S;md,  ChvT  Creek  Tonnation,  Midw'ay  Croup,  Wilcox  Croup  (or  Wilcox 
Tonnation),  Claiborne  Croup,  and  .lackson  Tonnation.  Mucli  of  tlie  upland 
surface  is  blanketed  by  terrace  deposits  and  loess,  iiie  narrow,  irregu- 
lar floodplain  east  of  tlie  Mississijipi  River  is  imderlain  by  Quaternaiy 
al  luv  iiun. 

The  major  aquifers  in  WRl’A  3 are  the  McNairy  Sand,  lower  Wilcox 
atiuifer,  and  the  Memphis  Sand.  Other  aquifers  luiderlying  parts  of  the 
area  are  in  Paleozoic  rocks,  the  Coffee  Sand,  Cockfield  Tonnation,  and 
Mississippi  River  \alley  alluvial  aquifer  (figure  17J). 


Paleozoic  Aquifers 

Paleozoic  rocks  luiderlying  the  eastern  part  of  the  area  nuiy  be  a 
potential  source  of  groimd  water.  The  only  large  withdrawal  of  groiuid 
water  from  the  Paleozoic  rocks  is  in  Alcorn  County,  Miss.,  wliere  the 
miuiicipal  and  industrial  water  supjily,  about  3 mgd,  is  obtained  from 
Paleozoic  chert  in  the  Corinth  area. 

Results  of  ac|uifer  tests  at  Corinth  show  coefficients  of  transmissi- 
bility  ranging  from  15,000  to  00,000  gpd  per  foot.  Wells  in  the  Paleo- 
zoic at  Corinth  average  about  450  feet  in  depth.,  and  yields  are  reported 
to  be  as  high  as  800  gpm  (7d). 

Water  from  the  Paleozoic  aquifer  is  moderately  hard.  The  dissolved- 
solids  content,  about  300  mg/1,  is  mostly  bicarbonate,  chloride,  ;md 
sodium.  I'he  temiierature  is  about  05°  T. 


Cretaceous  Atpiifers 


Coffee  Sand 

The  Coffee  Sand  is  the  best  source  of  groiuid  water  in  several 
comities  in  Tennessee  and  in  Tippah  County,  Miss.  In  part  of  the  area, 
the  Coffee  Sand  is  underlain  by  the  Tutaw  Tonnation;  however,  the  Tutaw 
is  too  thin  to  yield  significant  quantities  of  water.  The  Coffee  is 
not  iLsed  in  much  of  the  area  where  it  contains  fresh  water  Ixicause  the 
MeXairy  Sand  is  present  at  shallower  depths. 

The  Coffee  Sand  may  liave  penneabi  1 it  ies  as  high  as  300  g]xl  per 
sciuare  foot,  and  the  coefficient  of  transmissibi  1 ity  may  lie  as  high  as 


274 


5U,00()  g[xl  per  foot  in  Alcorn  Cioimty,  Miss.  Hie  hirgcst  reiiorted 
yield  for  a well  in  the  aquifer  is  about  bOO  gpd;  however,  the  usu;il 
yield  for  wells  is  250  gpm  or  less. 

Municipal  ;md  industrial  jiumpage  from  the  Coffee  Sand  in  hld’A  3 is 
about  2 mgd.  I'he  estimated  potential  yield  of  the  Coffee  S;ind  in  the 
area  is  alwjt  10  mgd. 

McNairy  Sand 

I'he  Mc.Nairy  .Semd  is  the  most  c.xtensivc  aquifer  in  Uld’A  5.  Ihe  for- 
mation crops  out  in  the  e.xtreme  eastern  part  of  the  area  and  contains 
fresh  water  c.xcept  in  [>art  of  the  Mem]ihis  area  (figure  bO).  Most  of  tlie 
present  withdrawals  from  the  aquifer  are  in  or  near  t!ie  outcrop,  and  few 
wells  are  more  than  a few  liundrcxl  feet  in  depth.  I'lie  maximum  known 
depth  for  wells  in  the  aquifer  ranges  from  several  hundred  feet  in 
western  Kentucky  to  about  2,300  feet  in  the  Menifihis  area. 

Results  of  aquifer  tests  in  Kentucky  and  I'ennessee  indicate  an 
average  coefficient  of  transmissibi 1 ity  of  about  28,000  gpd  per  foot. 
Based  on  these  results,  large  wells  in  the  Mc.N'air.-  Sand  may  be  expectcwl 
to  yield  1 mgd  or  more  with  less  than  100  feet  of  drawdown  at  favorable 
locations  in  Kentucky  ;md  Tennessee. 


hater  Irom  the  McNairy  S;md  in  areas  where  it  is  now  used  is  low 
in  dissolved  solids  and  it  is  general  1>'  a calcium  bicarbonate  t\']ie.  The 
dissolved-sol  ids  content  of  the  water  increases  to  the  southwest  and 
the  water  is  sligiitl>’  saline  in  exti'eme  southwestern  S}]clhy  Count\-,  Jenn. 

hater  withdrawn  from  the  McNairy  .S;md  for  all  uses  is  estimated  to 
lx?  about  25  mgd  in  hld’A  3.  The  aquifer  is  estimated  to  be  cajiable  of 
yielding  about  bO  mgd  in  hld’A  3. 


Jertiar\'  Aquifers 


Lower  hi Icox  Aqu i f e r 

The  lower  hi  Icox  aquifer  is  exposed  at  the  surface  in  hld’A  3 as  a 
narrow  irregular  belt  in  Carroll,  lliester,  ILirdeimin,  and  \ladison 
Ciounties,  Terui.  (figure  55).  The  ai|ui  fer  contains  fresh  water  through- 
out the  area, 

Re.sults  of  pumping  tests  indicate  an  average  coefficient  of  trans 
missibility  of  about  95,000  gpd  per  foot  in  hld’.A  3.  The  coefficient  of 
permeability  ranges  upward  from  about  500  gtxJ  per  sijuare  foot. 

Large  wells  made  in  the  lower  hi  Icox  are  comiionly  capable  of  yield- 
ing 500  gjOT  or  more.  The  largest  yield  reporttxl  is  2,000  gjun  at  best 
Memphis,  Ark.,  ;ind  one  well  at  Memjihis  yields  1 ,b00  gp’i  [19|.  1 ields 

of  600  gimi  are  obtained  at  places  in  western  Kentucky  |2"|. 


Water  in  the  lower  Wilcox  is  generally  a soft  sodium  bicarbonate 
t>^lc.  The  most  troublesome  chemical  constituent  is  iron,  which  commonly 
occurs  in  concentrations  of  more  than  0.5  mg/1,  llic  dissolved-sol ids 
content  of  the  water  does  not  exceed  .500  mg/1  in  WllPA  5. 

droimd  water  withdrawals  from  the  lower  Wilcox  aquifer  are  aliout 
25  mgd  in  I’enjies.sec  and  Kentucky.  Presently,  most  withdrawals  from  the 
lower  Wilcox  aquifer  arc  made  at  Memphis,  Tenn.,  and  in  ;ind  adjacent 
to  tlic  outcrop  area.  The  lower  Wilcox  is  capable  of  yielding  about 
40  mgd  in  WTIPA  5. 

Meiiiplus  Sand 

Most  of  the  groimd  water  now  being  produced  in  WltPA  5 is  withdrawn 
from  the  Mempliis  S;ind  (321  Ukt'  Memphis  Sand  is  equivalent  to  tiie 
Memphis  aquifer  in  Arkansas,  Kentucky,  ajid  Missouri).  IXic  to  its  thick- 
ness, areal  extent,  excellent  quality  vvatcr,  ;md  excellent  hydraulic 
characteristics,  the  Mempliis  S;uid  also  has  the  Largest  potential  in  the 
area  for  meeting  future  requirements  for  ground  water. 

Aquifer  test  results  indicate  coefficients  of  transmissibil ity  rang- 
ing from  20,000  to  410,000  gpd  per  foot.  Sixty  tests  in  tlic  Mempliis 
area  sliowed  an  average  t ransmi ss ibi 1 i ty  of  250,000  gpd  per  foot  (191 . 
Assimiing  average  hydraul  ic  conditions,  wells  I'ielding  more  than 
1,500  gpm  might  be  constructed  at  any  location  imderlain  by  the  Mempliis 
S;uid . 


Water  from  the  Memphis  S;md  commonly  contains  less  th;ui  150  mg/1 
of  dissolved  solids;  however,  the  water  is  generally  slightly  acidic 
and  commonly  contains  excessive  iron  in  solution. 

The  present  pumpage  from  the  Memphis  S;uid  in  WRPA  5 is  about  200 
mgd,  of  which  about  180  mgd  is  withdixiwn  in  the  Mem]ihis  area.  Accord- 
ing to  Moore  [04],  if  the  hydraulic  gradient  in  the  Memphis  Siuul  were 
increased  to  tlie  average  diji  of  the  aquifer,  the  aquifer  would  transmit 
about  (i50  mgd  downdip  from  the  outcrop  area.  Under  these  conditions, 
the  total  pumping  lift  in  tiie  Memphis  area  will  average  about  500  feet. 


Quaternary  Aquifers 

Mississippi  R iver  Valley  Alluvial  Aqui f e£ 

The  Mis.s'issiiipi  Alluvial  Plain  ends  abmptly  at  the  foot  of  the 
bluffs  on  the  cast  side  of  the  valley.  In  places,  the  river  impinges 
on  the  bluffs  (as  at  Memphis)  and  in  other  places  the  alluvial  deposits 
may  extend  more  than  10  miles  cast  of  the  river. 

The  hydraulic  characteristics  of  the  Mississippi  River  Valley  allu- 
vial aquifer  var>’  considerably,  but  the  coefficient  of  transmissibi 1 ity 
in  WHl’A  3 probably  is  in  the  100,000  to  200,000  gptl  per  foot  range. 


IXic  to  the  excellent  hydraulic  cliaracterist  ics  of  the  alluv'iiijn  and  to 
seasonal  replenishuent  by  precipitation,  tlie  Mississippi  River  Valley 
alluvial  aquifer  is  a major  source  of  groiuul  water,  llie  jXJtential  of 
the  aquifer  is  even  lart’er  where  wells  are  installed  near  the  Missis- 
sippi River  or  other  large  stre;uiis  where  jnuiiping  might  induce  recharge 
to  the  aciuifer  from  tlie  stre;uns. 

Water  Irom  the  alluvial  atpiifers,  generally  a hard  calcium  bicar- 
bonate t>^)e,  is  more  liighly  mineralised  th;m  water  from  tlie  Memphis 
Siind  and  the  lower  Wilcox  aciuifer  in  Wld’A  ,'S.  Althougli  tlie  iron  content 
of  the  water  varies  from  jilace  to  [ilace,  the  alluvial  water  generally 
recjuires  treatmei\t  for  iron  removal  and  softening  when  used  as  a miuiic- 
ipal  or  industrial  supply. 

I'he  potential  yield  of  the  Mississi])pi  River  Valley  alluvial  acjuifer 
is  large,  jiart  icularly  if  well  fields  are  located  near  tlie  Mississippi 
River.  Wells  designed  for  irrigation  or  industrial  use  nuiy  be  expected 
to  yield  2,000  gpm  or  more. 


hffects  of  C’.roimd  Water  Withdrawals 
;uul  Mcuiagement  Considerations 

Groiuid  water  witlidrawals  in  the  Memphis  area  have  resulted  in  a 
moderately  large  cone  of  depression  in  the  potent iometr ic  surface  of 
the  Memphis  S;md  [S7|.  I'luiipage  from  the  lower  Wilcox  aquifer  has  re- 
sulted in  a cone  of  dejiression  similar  to  but  smaller  th;m  the  cone  of 
dejiression  in  the  Memjihis  S;uid.  Withdiawals  from  the  Mississippi  River 
Valley  alluvial  acjuifer  are  replaced  through  recharge  from  precipitation 
during  the  winter  and  spring,  cuid  pennanent  water  level  declines  have 
not  occurred. 

Water  level  declines  in  the  lower  Wilcox  acjuifer  and  the  Memphis 
Sand  have  been  snuill  in  WRl'A  .S  outside  the  area  affected  by  witlidrawals 
at  Memphis.  Water  level  declines  in  the  MeXairy  and  Coffee  Sand  have 
been  negligible  in  most  of  the  area. 

Ihe  hirgest  ixitential  for  ground  water  development  in  Wld’A  5 is  in 
a cone  several  miles  wide  paralleling  the  Mississipjii  River.  Most  of 
the  ground  water  being  produced  in  the  area  is  withdrawn  at  Memphis. 

More  detailed  studies  are  needed  to  detennine  the  optimum  yield  of  the 
Mempliis  S;uid  and  lower  Wilcox  acjuifer  in  the  Memjihis  area  and  to  deter- 
mine the  effect  of  the  withdrawals  on  the  aejuifers  in  the  remainder  of 
WTd’A  .1  and  adjoining  parts  of  WTd'A's  2 and  4.  The  MeXairy  Sand,  a major 
acjuifer  in  mucti  of  the  area,  is  used  as  a source  of  ground  water  only  in 
a small  jiart  of  tlie  area  where  it  contains  fresh  water,  hstimates  of 
the  jiotential  of  the  McNairy  S;md  as  an  acjuifer  are  based  on  extremely 
sjiarse  data.  A comprehensive  study  of  this  acjuifer  is  needed. 
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Itie  lowering  ot  water  levels  in  the  Mem])his  aciuil'er  will  induce 
recfiarge  ( rom  otiicr  sources,  the  most  significant  being  the  Mississippi 
River  Valley  alluvial  aquifer.  Investigations  to  detcnnine  the  signifi- 
cance of  tlie  changes,  particularly  in  water  quality,  are  needed. 

Although  the  Mississippi  River  \'alley  alluvial  aquifer  is  avail- 
able only  in  a .small  [>art  of  KRl’A  ,'S,  the  potential  of  the  aquifer  is 
enonuous,  particularly  in  areas  adjacent  to  tlic  Mississippi  River  where 
recharge  might  lie  induced  from  the  stream. 
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